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of exposure measurements, and considers the objiective method
> “

of determinins photorraphic exposure ani the principal factors
affecting its wvalue.

The boox is written for qualified readers.

Criticisms and rerarks should be sent to "Iskusstvo™

frblishing tHouse, Moscow, I-21, Tsvetnty Pultvar, o°




TR 5 N o e i

INTRODUCTION

The precise determination of the

task. Its correct solution determines nct
tain artistic features of still and motion pictures.

The study of the principle of the theory of exposure measurement is therefore
one of the most important stages in masterins the art, and is compulsorr not only for

+he rotion picture operator and professional photographer, but also for the serious

amateur rhotorrapher.

In connection witi the peculiarities of multi-laver filrs used in color rho-
torraphy, and the wide emplorment by amateur photographer of the method of tire Ze-
velopment of nepatives, the requirerents for exact determination of the exposure con-
ditions have very ;reatly increased. The practice of visual estimation "oy ere of
the rost irmportant exposure characteristics of the object photographed and of the
illumination can rio loncer assure the quality and necessary constancy of protecrsraph-
The efforts iooking towards a development of a technique and creation

ic results.

of instruments encouraring the objective solution of this very important probliem is

therefore entirely justified.
In this connection, on the basis of the advanced experience of professional

Soviet motion-picture operator art, and the accomplishments of Soviet motion-picture

technology, a scientifically founded technique has been developed for determining

the conditions of exposure, and photoslectric instruments have been designed to as-

sure the attainment of objective estimates of the exposure conditions of a photo-

Brapis
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In this book we shall discuss only those fundamental theoretical principles of

. pagry

exposure measurement that can be understood by the qualified amateur motion picture

and still photosrapher.
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THE PROBLEM OF THE CORRECT DETERMINATION OF THE TIME AND CONDITIONS
OF EXPOSURE IN STILL AND MOTION PICTURE PHOTOGRAPHY

The Photo, c_Action of t
The light rays reflected by the objects of a photograph, passing through the

camera lens, form a real optical image of the cbjects photographed on the sensitive

layer. The illumination and cclor of the individual elements of this image depend

on the differences of brightness and of color of the cbjects photographed, on cer-
tain features of the optical syster. cf the carera, and cn the transparency of the
air between the objects photographed and the camera.

The photochemical action of these light rays is determined by the illuminaticns
produced or. the sensitive layer by the elements cf various brightness in the optical
image, by their spectral characteristics, and by the exposure tirme.

The quantity of illuminaticn acting on the sensitive material during exposure
may be represented, with somv simplification, for each individual area of the cpti-

cal image, irn the form of the equation
E=Ext,

where H is the quantity of illumination on the sensitive film, expressed in lux-sec;
E its illumination in lux; t the time of acticn on the light of the sensitive layer,
expressed in seconds. The value of the illuxination of the layer E and the exposure
time t in this equation are directly related to the value of the exposure# H, and
T ¥ It should be remembered that the concept of exposure, i.e. the quantity of
1llumination, defined as the product of the iliumination of the photographic layer
by the time of illumination, should not be confused with the idea of length of ex-
posure, i.e. with the time interval during which the sensitive layer is subjected to

the action of light.
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their variation should affect the variation of the value of li to the same extent.

light on
photographic materials, this proposition proves to be not enti A In studies
connected with stellar photography, it has been established that at very low illumi-
nation and corresponding lengthening of the exposure time, i.e. with constant total
quantity of illumination, the resultant total blackening of the sensitive laver was
found to be considerably reduced.

It was found that the blackenins so obtained cannot be considered directly pro-
portional to the product ¥ x @, and that in these cases the equation H = E x t takes
the form H = E x tF, where r is an exponent which, for most modern negative reteri-~
als, unfer or~dinary conditions of illumination, is found to be equal to C. .9, and
for individual highly sensitive materials, mar go as high as 0.95. For most still
and motion pictures taxen under ordinarr exposure conditions, the influence of this
correction ray be nerlected, but irn cases where the lens is stopped down corsideratly,
as well as in certain cases of piotopraphy at very low illumination, the vzlue of
the necessary exposure correction ray be determined by experiment

A3 an example, let us consider the following case.

A certain degree of blackeninrs of the photographic layer, defined by the opti-
cal dernsity of the negative ’#, was obtaired by us as a result of the exposure
= E x *t. In cases where, with decreased illumination of the cbject photographed,
or by stopp nr down the lens, the illurination of the layer E is reduced by a factor

of 10C, the lengthening of the exposure time likewise by a factor of 10C, as would

# The densitv of a laver with the transmission factor 0.1, i.e. one passing

1/10 of the light ing on it, is taken as the unit of i ity, or blacken-

ing. For convenience in calculation, optical density is expressed by the common
logarithm of the reciprocal of the transmission factor. The value of the optical
density is proporticnal to the quantity of metallic silver reduced, as a result of

exposure and development, on unit area of the sensitive layer.

1043R000900020001-5



follow from the equation H = E x t, has been found to be inadequate to obtain the
same density D, at constant expesure time, owing to the influence of the factor p,
with the same development time. Let us assume, arbitrarily, that the value of p is
0.79 for the negative material used in taking the ricture. Then, with a 10G-fold re-
duction in illuwmination of the laver, i.,e. at E « E/10C, the necessary exposure time
t> is found to be not 20C t, but, in accordance with what his been set forth above,
must be 10C tU+79 (sic.). The exposure time rust trerefore be increased br a factor
of 3.0 instea? cof 100, Obviouslr such a correction is of rost substantial practical
importance.

In connection with “he varrins illurinations produced on the sensitive la
the optical imares of the ob ects pl.otographed, the individual areas of
receive varying quantities of illurination for the same exposure tirme. Trus, if, re-
rardless of the brightness »>f the rhietorraphed obects, the blackening of the sensi-
tive la er were found in 21) cases o te strictly rroportional to the values »f illu—
mination of tre larer, then it would be relatively easvy to solve the oroblerm of cor-
rect exposure in motion and still phiotosrraphy.

In realitr, rowever, this probler is found to be incomparably mcre complicated.

2iscuss this subject in more detail.

The Characteristic Curve

A study of the photociemical action of light has shown that the relation be-
tween the blackening of the s;nsitive layer and the quantity of illumination causing
that blackening is subject on the whole to certain general regularities which vary
substantially according to the character and type of the films and plates used.

To elucidate the features of photographic materials, these relations are cus-
tomarily expressed in graphic form in the shape of the so-called characteristic
curve. .

In constructing this curve a coordinate system is used, and the quantity of il-
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lumination, expressed in the form of the logarithm of the value of the exposure, is
plotted on the horizontal axis, and the optical density of blackening on the vertical
axis.

To stwiyr the peculiarities of the negative materials used, they are subjected to
the action of quantities of illumination increasing in a certain definite order.

By developing the sensitogram so obtained under standard conditions and measur-
ing the optical density of individual fields resulting from exposure and development,

we construct the characteristic curve of the raterial bein; tested (Fip.l).

Relative quantity of illumination (the exposure Corresponding to Beginnins
of the Linear Segment of the Characteristic Curve is Taken as Unit:)

/7 Y/ 1/ 1 2 L & 16 32 b4 12 256 ¢ 1022

Relative Quantity of Illumination

12 256 51c 1004 LO4F

i = lux x sec.
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Fig.l. Sensitogram and Characteristic Curve of the Negative Material.

a) Photographic Width

As an example, let us consider the test of negative material ("Panchrom" type




Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-01043R000900020001-5

sults of which are given in Table 1. As will be see

.}

Table 1
Ratio of Quantity of Illumination of Sensitive layer and Density

of Sensitorran

svantity of Relative lorarithr
illumination quantity of of
(exposure) for illumination  exposure

each field (exposure) (o~ )
(in lux-sec)

N

Pifference
betweer density
of adjlacent
sensitosram
fields

v)

ensitopram field
(lor of opacits

o

illumination (exposure

corresponding to
sepment of character-

istic curve) .s taken

Relative quantity of
a3 a unity.

5
Cptical densivy
bepinning of linear

@]
.

[y
r

)
S

Region
of over-
exposures

from this Table, the quaniity of illumination for each successive field of the sensi-

togram is double that of the preceding field.

8
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The data of Table 1 on the differences in the optical density of adjoining
fields of the sensitogram piven an idea of the regularities in the increase of black-
ening that characterize the peculiarities of the rnegative material under study. At
the beginning of the scale, the increase of optical density corresponding to the ex-
pesures for the second and third fields of the sensitogram is very small, and is
qual to C.C2. Increasing graduallr, the difference between the density of adjacent
fields reaches (.22 for the fiftr and sixth field. At some segment, the increment
cf density rerains constant, ani then, fror the 1lth field on, berins to decline and
falls to the value 0,03,

we are thus able to note the existence of trree repions: in the first recion,
the Jifference bhetweer ad‘oinin® densities increases from field to field;
second i A | irs a constant value; in the third, it again begins tc decrease.

Let us plot ¢he lorarithns of the evposures given in Table 1, cttainei for the

separate flelds of our sensitosran, on the horizontal axis of a craprn (Fir,1), and

tre optical “ensities correspendiing these lorarithms on the vertical axis. These
quantities will ohviousir he %-e coordirates nf tne points to he rleotted on

B connec ting these wilh a smocth curve, we
of the repative material. On considering this curve,

ivided into tliree regions, passin,< smoothlw into each other. In

central and main part, the characteristic curve ccincides with a strai~ht line.
Within the limits of this secticn the increase ir the “ensitv of blackening is di-
rectly proportional to the logarithrm of the exposure, and equal increments of expo-

sure correspond to equal increments of optical density.

Regions of Normal Exposure, Underexposure and Overexposure
4

The section A-B on Fig.l is termed the region of normal exposure, or region of
proportional reproduction of the brightness of the photographed object; this is the

most important part of the characteristic curve of negative material. In the lower
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part of the curve, the section B-A, this proportionality is absent, and the increase
in the blackening of the layer lags markedly behind the incrsase of the exposures to
which it is due. This section of the curve is usually called the region of underex-
posures.

There is likewise no direct proportionality between the optical densities and
the logaritlums of the exposures in the upper rart of the curve, the section B-C.
This section is termed the region of overexvosures., .3 in the region of underexro-

3, the increase of optical density of hlackening of the rhotographic larer

sectiorn lass tehind the increase of t'e exposures to which it is Aue.

Frem tne point of view of expesure ceasurerment, thie forr of the characteristic
curve i3 of -reat interest, for it deterrines the features of a nerative materia
ant the relations between the -lensitr of blacrening ani the exposures res

The value of inivial section of tre characteristic curve is
Irrortant. rative materials the Zenycth +ris secticon
and covers a ideral mterval of exposures.

*he rericn of relativelrr -reat dersities ol
vlackenins,

n raterials with a short and steep initial section, !lowever, ihe bverinnins of
the linear section of the curve corresponds ~¢ relatively low densities. In this
connection, the interval of exyosures covered by the imitial part of the curve in

such nerative materials is very short.

The Contrast Factor

In working on different negative materials, the contrast of the objects photo-
graphed are differently reproduced. This is expla ned by the fact that the increase
of the optical density AD (Fig.<), correspending to one and the same increase of ex—
posure, and consequently, the contrasts of the photographic images obtained with dif-

ferent sensitive materials, substantially differ from each other.

16
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These features of different negative materials, closely connected with the de-
velopment conditions, are expressed by the value of the contrast factor of the sensi-

tive larer, which is one of its most important characteristics.

Contrast Factor of Different Photosraphic Materials.

ifeds

llumerically, the contrast factor, which is vsuallr denoted by the Greek letter
garma (y), may be expressed by the ratio of the difference of two adjacent optical
densities, taken on the linear part of the curve, to the difference of the correspond-
ing logarithms of exposure. The contrast factor is equal to the tangent of the angle
of inclination of the linear part of the characteristic curve to the abscissa axis
(with the abscissa and ordinate axes on the same scale).

If the angle of inclination of the linear part is equal to 45° s then the tangent
STAT

11
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of this angle is unity, and consequently the contrast coefficient is also unity. 1In
this case, all Jdifferences in the brightness of incdividual elements of the photo~
craphed object will be exactiy reproduced in the nepative, and to the increments in
the value of los I will corresrond the same differences of optical density (Fig.2,I).
The requirement that the value of tle contrast factor of the nerative shall be

unit> would e correct onl: if <he repative were the (1% ims ot ard the guwr of

b

ohlieat

(Fi-.0,1110.

the nerative imace is coryensate” in the posi-
13 IS

tive process 'y using pesitive materials of o it . conrectiorn,

neratives .re : ases “evel Pt oa v s 9 units ricture nera-

tives are usually developed ¢ 2 Loh=C.TC ant the nerpatives of riniature cameras
Coe

In addition to ti roperties of the nerative material, the time of development

and the ATa ihe action of the develorers used also exerts a great influence

on the value of v, and consequently on the features of the reproduction of the cor-

trast of the photographed oblect in the negative. With increasing development time,

the optical densities corresponding to one and the same increment of exposurs are ine
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creased, and the contrast of the image likewise increases.
of the development time, the rrowth of tle value of v siows down, and when a certain
maximer contrast has been reached, which Aiffers for different sensitive materials,

this increase stops entirely.

Photocraphic wWidth

portant properir of nepative raterial is their rower directly to rerroduce,

e desree of contrast, a tie erences ari relations in the

brirhiress of the o ects riote- rarned,
the expousures for i1 ital equal
net sc verond the heunmduries of e
let us consider

pro ections

the points A
the points a ant %,
sure cerresponding ¢ I reinds are looo and L.l between tiern
1 1&°.

This ratio hetween tie rini: {omaxizum lisd of rerral exjosure, ccrre-
spondinr~ ¢o the beginnin:s o £ otr ol icr. ¢ tle curve, thus charac-
terizes the Ai ‘n brirhtnes
oblects, which can be correctly reprodu
fined by the concept of rhotographic width.

Numerically, rphotographic width may be expressed either directly, by the ratio
of the exposures cerrespending to the berinning and end of the linear section, or
logarithmically, in the form of the difference of the logarithms of exposure. In
our example, the tusts of a negative motion picture film of trpe A (Fig.l), these

ities had the ratic of 8 : 1024, or 1 : 128. In logarithmic expression, the

photographic width of our material is equal to 2.1l.

13
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The technique of determinins the photopraphic width of multi-layer color films,
like the technique of deternining their sensitivity, has not yet beer adequately de-
veloped.

In practice, the photographiic width of coclor nepative materials for licht of a

definite spectral composition, may be approximatelv estimated frorm the value of the
interval of exposures rivins unilstorted reproduction of the color of thre cbjects

rhotorrapred.  For mest color films, the photojpraphic width is low, an? does not ex-

v b N rwen Y < - T e G ey e -~
pictosrayic iLn constant, ever.

te for a riven

Ve material; It oos at whern tre levelcprent tire varies,

factsr varies witi 1 witiin certalin limits, tie rrhcocrrarnic

L1l lirewise var: (Ficoih,

Fiy.2. Variation of fhotorraphic Width of Xerative lMaterial

in Connection with Increased Exposure Time.

The photographic width of white-black negative materials produced in the USSR
is very great, and in most case3 assures satisfactory reproduction on the photograph

even for very hign-contrast objects. Soviet motion picture negative films have a

1
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particularly large photopraphic width, which roes as high as 1 : 1i9=1 : 256 and
higher.

In spite cf ihis, in photo,raphing oblects particularly hiph in contras, the
illuminations produced nn the sensitive films by the oprtical images of the darkest
and brightest elerments of the subject hein, phatorraphed are in man- cases bevond the

the illuminations cerresponding ‘o
curve.,
larkest an
exrosures
vhe craracter:

normal

isws “'sefvl Graiient

re exposure decreases, tile steerness of the sicpe of tie

Fion of unierexrosures decreases rore and mere, ani ¢
The increrernts ol density correspondin, te¢ cne ani the sare

likewise +4iminisn. On further decrease of exjosure, “he contirast, iecreasins even
rore, reaches the point i 5., a certain rinimurm value, heyon which the details in
the shadows of the object car no longer be satisfactorily be Adistinruished. With a
still further reduction in the exposure, to a level corresponding to the point D of
the curve, the laver becomes completely unable to reproduce separately the differ-

.ences of brightness.

It is therefore necessary to establish the minimum useful slope of the curve, or,
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ja

a&s they say, the value of the minimur useful gradient assuring satisfactory reproduc-
tion con the photograpn of the details in the shadows of the object. This valu
(Fig.4) may be quantitatively representei by the tangent of the angle of inclination

of the tangent to the lo-arithmic axis of exposures.

Studies have shown that the value of ‘he minimum useful rradient is determined

br ranw features of tie pro : .0 r ic rerroiu N he ten ni can-
nc* he established on the hasis of an analysis of the rrorerties of the nerative ra-
terials by themselves. A siud: of motion picture of re

also of still pictures, has shown that the va

the regions of underexposure ray be taken with su
£ ¥ N

The Useful Photographic Width

While in this connection, by analogy with the point H.;, (Fig.5) located in the
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adient of

ar oooint o AT et e Wil B E I8 s cornection

Obviously,
fal photorrapn

differe
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let us consider this on the example of a photograph of a subject, the bright-
ness of the ‘rightest element of whiclk, under the piven conditions of illumination,
is equal to By, while the brigntness of the darkest element equals B ip.
hrishtness of this object is determined by the ratio between
maximum and minimum brirhtness of individual elements of equal drightness of the ob-

iy

Ject being rhotogsraprhed, and In this cuse will be equal to

lew s assurme Liat tle
‘ect formed b Lie lens, whose Liri,

on the sensitive larer, wiile tile

“rin

“rirhiness is equal

with

ortical ‘lensi

for this

Minirum Correct Zxposure Tite

The peints corresporndins to the rieasure? dernsities DO

n ! Day rar ve marxed

on the curve of Fi~,* as the roints A and B. If the exposure tire t is sc selected

that the point A is lucated at the lower ben? of the characteristic curve within the
limits of the useful photorrarhic width (determined allowing for the minimum usefil

gradient, taken as equal to C.Z), then we may speak of the quantitr t as the minimum
correct exposure time of the given subject under the given speci:t‘ic conditions of

<

illumination.
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case whiere at the sume minimum correct exposure Lime of t, the point ? on
the characteristi urve corresponiding to the guantity Ymax 18 within the boundaries
hotorraphic latitude, 211 illumination contrasts of the elements of
reproduced in the nepative.

et

cor.crete

Cr ihe basis o7 the iata ol

Ay rote that both the minimum and max

ments of the subject are reproduced or the

the details are fullr preserved in the shadows and highlights of the negative.




"Morning on Red Square". Fhotographed by A.Garanin.

20
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Fig.8. Negative of A.Garanin's Photogreph (cf.Pig.7).

1
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p _ 5)
I :

Fig.10. Characteristic Curve of liegative Material. The Points Corresponding

L

to the Optical Densities of the Principal Areas of the Negative of the
Photograph Shown in Fig.7 are Marked.
a) Photographic width; b) Useful photographic width determined with
allowance for the value of the minimum useful gradient = 0.2

22
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From the ahove the conclusion may be drawn that in photographing subjects with
relatively small brightness intervals, we shall be able to satisfactorily reproduce
all the brightness relations on the photograph only if the conditions of exposure
are so selected that the exposures corresponding to the weakly illuminated shadows of
the object photographed and to its brightest high lights lie completel: within the
boundaries of the useful photopraphic width of the regative material.

Figure 11 rives a photoyraph of a ltolidar illurination of the building of the
voscow Soviet. The contrasts of the subjlect are very higsh AS in the preceding
case, we measure the optical densities on the nejative of this protograrh ani plot
ther on the characteristic curve shown in Fii, 1Z. The minimum optical i

~ures in the fore rc
(the bright details of the illuminated building), l.e.
case both the rinimum ant thle raxin.o ¢ it : I e ~c bevend the lirits
cf tne densities corresponding nct only ‘o the linear section of tle ciaracteristic
curves, but even :le useful photoyraphic widtih of the necative raterial. In this
commection the details have comrletelr disarpeared in botl the shadows and the nigh
lishts of the nerative.

In this case, all the contrasts cf the oblect ~retographed cannct be correctly
reproduced on the regative no ratler row lons the exposure time.

towever, in rhoteographin fe ra‘oritr of sublecis with the ustval small bright-
ress rances, the correct reproduction of all the #ifferent degrees of rrightness is

possible even at somewhat different exposure times.

Allowable Error in Determining the Exposure Time

A comparison of the values of the brightness interval of the object photographed
and the photographic width will be necessary to solve most problems of exposure

meagurement connected with the direct determination of the time and conditions of ex-

posure. For this reason we must elucidate the relationship between the allowable

23
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limit of error in determining the exposure time, the photographic width of the nera-
tive material, and the interval of brightness of the objects photographed.

The lirmit of error in determining the exposure time may be numerically deter—
mined br dividing the usefJ exposure range, i.e. the useful photopraphic width of
the nerative material, by the value of the brightness rarnge of the subject.

It is obvious that with increasing photegraphic width of the nesrative material
the allowatle limits of errcr in the determination of the exposure time will increase,
but will lecrease with increasing brightness range of the photosrarhed object.

In this connection trne a2llowable errors in the Adeterminztion of tre exposure

ni-r—contrast ob ects whiose brightness
necative material used. In thoto-
in some cases is more than
r

accuracy of determirdation of the exposure time in-

creases still
Ir working with color zulti-laver filrs, ir connection with their small widir,
these rea.irenents m : noin ning sutjects witl relativel: low ccn-

trast. For most subjects ken on t I an® wnite nerpative materials under the con-

ditions of natural illumination, Lowever, the allowable errors ir exposure deterrina-

photographing low-

contrast oblects with a b : In these cases “le al-
lowable errors are sometires as great as 2C or 3C times.

let us verify this on the analysis of a few examples fror photographic practice.

The photograph (Fig.13) was made on a sunny winter day. The contrast of the
ubject is very high. The brightness of the least bright area of the object (the
dark figures) is 110, and that of the brightest area, the sky, is 46,000 apostilbs,
i.e. the brightness range is about 450 : 1. Hevertheless, as a result of a rather

precise determination of the minimum correct time of exposure, the details come out

24,
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well in the shadows. Al]l details in the highlights of the negative also are fully
preserved. In connection with the very low trightness of the figures, taken apainst
the light, the density of the negative in these areas is lower than the necessary
minimum densities, and the details on these areas are missing. The brightness range
of this subject somewhat exceeds the useful piiotographic width of the material. For
this reason, even with a precisely deterrined exposure time, only the densities of
the medium bright elements of the object will correspond to the linear section of the
Cthrer, less bripht areas are underexposed. In this case, b in-

creasing or decreasing the exposure, we only shift the whole scale of the :riritness
of the object towards the region of inderexposure or overexposure, as the case ray be.

In photographing similar very high-contrast subjects, no deviation at all from
the accurately deterrmined exposure tirme, assurin: the optirmm results, can be al-
lowed.

The photographic portrait of the child in Fir.l? =ight be taken by the light of
two phiotorrapnhic bulbs, 75 1 5OC W Ti.e brightness rance of this object is
srall, and is about 14 . I us measure the ortical densities c¢f “lackening on
the individual areas of the negative ¢ his photograph and plot ther on the axdis of
optical densities (Fig.l4 Thie rminimum optical densitr of this negative is C.LO,
and the maxirum 1.15. The exposure tire for a lens stopped down to 1 : 4.5 is 1/10
sec. With this exposure time, al® the brightnesses of the object fit full: within
the limits of the photographic width of the negative material.

In connection with the small interval of brightness of the object, the exposure
time could have been (cf.Fig.l6) reduced to 1/15 sec or lengthened to 1 1/2 sec
without appreciable damage to the quality of the photograph. In spite of the varia-
tion in the total density of the negative, in both these cases all the brightness
differences of the individual elements of the object were reproduced rather correct-
ly. The allowable errors in determining the exposure time in photographing similar

subjects are relatively great andc may fluctuate in rather wide range.
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T R —

Pig.1l. Building of Moscow Joviet with loliday Illumination. (photographed by G.lozer).

The Contrasts of the Cbjects Photosraphed are very High.
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Fir.12. Characteristic Curve of Nerative Material.
The Points Marked Correspond to the Optical Densities of the Irincipal Areas of the Negative of the
Fhotorraph on (Firls11).
a) Photographic width; b) Useful photopra;hic width, deterrined allowing for the value

of the minimum useful gradient = O.2.
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The photograph shown
The exposure was 1/ sec wi : 3.5, The is low in contrast,
since the fog filling the space between the object of the photorraph and the camera
had almost no effect on the brightness of the light elerents of the subject, but

substantially increased the brigntness of the darkest areas. In connection with

Fiz.13. Passage Unler Arch.

this fact, the brightness range of the object is very low (about 5 : 1) and is con-
siderablr lower than the photographic width of the negative material used. In this
case, too, the negatives obtained at various exposures (within the limits of the
useful exposure range) will differ among themselves only in density, but the con-
trasts of the object will be reproduced in the same way on all these photograrvhs.
The photographic width of the negative material used in for the photograph is

1 : 128, The brightness range of this object was 5 : 1. The allowable iimit of er—

28
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ror in determining the exposure time will be expressed by the ratio 128 : 5, i.e. it

will be about 2%. This conclusion is completely confirmed by experiment. Thus, if

raracteristic Curve of lerative Material. The Foints arked on
Densities of the
Nerative of this PhLotograph. '
a) Skr; b) Nari: firures; c) 3rightness range of obiect; d) Photographic
width 128 : 1 = ; e) Useful photographic width, determined after al-
lowing for the value of the minimum usefil rradient = 0.2.

3146 1

at exposure 1/50 sec, the minirum density of the negative is O.4 (the dark figures

in the foreground), and the maximum is 0.72 (the bright parts of the sky), then when
the exposure is increased 25 times, i.e. to 1/2 sec, the densities of the same areas
of the negative are increased respectively to l.4 and 1.82, ‘bﬁt -the contrasts of the

image, as will be clear from Fig. 1€, remain unchanged.
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o

Portrait of a Child. Brightness of this Object is not Great
and is about 14 : 1. (Photo by O.Awdeyev).

e
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In addition to the relation between the quantity of illumination acting on
€ layer and the densities produced as a result of exposure and develop-

ment - a relation that has alread: been discussed - it is also necessarr to dwell on
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sec or lersthened to 1 1/ sec withou! Bira ine

Ficture.
5

a) On exposure of 1/1C sec; b) On exposure of 1 1/2 sec; c) Brightness

range of oblect. Ixposure 1/15 sec; d) frightness range of object,

Exposure 1 1/2 sec; e) Brightness range of object, Exposure 1/10 sec;

f) Useful photographic width determined after allowing for the wvalue

of the minirmum useful gradient = 0.2,

the influence exerted by the features of the negative material on the value of STAT
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.
the recion of inierexposures for a given sensitive laver is small and the

characteristic curve has a short and steep initial section, then the value of the

and consequentl; also that
. will also be relativel:r srall.

rerative raterial with a larger resion of underexposures, i.e.
[*] L ’

with an elonpated initial area, the value of the minimum cerrect exposure time i, un-
der the sare conditions of exposure and develomment will alreadr be different. In
this case, as shown in Fig.1l%, the value Dmin (for a negative material corresponding
to the curve with a larre region of under exposure) will be considerably greater,

and it may be found that the exposure time in the second case is too great. In real-

) ity, however, even in such a case, this will completely satisfy our definite minimm

correct exposure time.
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The practical value of the accurate determination of this minimum nerative densi-
ty is particularly mreat in color phictography, and in photepraphing objects distin-.

guished by very smll details. In these cases, in connection with the considerable

SR

'
-

rrer

Irror ir Ixposure
Iresented
A exposure 1/: e} 3iz; 1) Tark firures;
ures; ;) Pristtness range of ob’ect, Ixposure 1/ sec;

Srijhitness rance of ciject, Zxjosure 1/: sec: i) Filotorrarhic witth

3

scattering of light in the emulsion layrers, leadinr to a lowering of the resolving
power of the nepative material, the best results are attained at the lowest possible
values of Doine The exposure time for such photographs must approach the exact val-

ue of the minimum correct expo3ure determined after allowing for the useful rhoto-
STAT
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sraphic width of the nepative material. In the case of failure tc satisfy this re-

quirement, and tue still greater lowering of the value of Dﬁsn, iee. of the miniuax

useful density, beyond the lirmits of the lower bevndary of the useful photographic

1Ly,

width, the necessary proportionality of reproduction of the difference of brightness

in the shadows of the ohject is irpaired. Obviouslr at still rreater reductions in

Dpgax

- - - — - - ————

1)
Haw=Loy Loy~ Huas = Emts Jatin
F— a) —

l

VUtilization cf Reslon ¢f Froyorticr

e 4

Ue;ative laterials witli Tifferent

rholograrhisz wiish

;
AL coilerexgpeswres, bl < the lar:er areas of

iistircuishable, and <he details in the shadows will dis—

in the village of Kolorensk, near Moscow. Tris ricture was male o= = nerative

with a characteristic curve of having a large initial section. The exposure time

was so selected that the density of the dark parts of the negative corresponding to

the least bright elements of the photographed ob‘ect were smaller than the minimum

useful density. This led to the complete disappearance of detail in the shadows of

the picture. For this reason, these features of the negative materials used must

also be taken into account in determining the exposure time, and the minimm correct
STAT
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.20. In ¥olomensk Village. This Picture was Underexposed.
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exposure that can assure the most ccmplete utilizatien of the useful exposure inter-

val (Fir.21) should be made.

b a0
25
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TYE TRINCIFAL FACTCRS AFFECTING THE VALLE OF THE EXFCSURE

Exposure Measurezent Characteristics of Fhotosrapi.ed Cbjects

From the standpoint of exposure nmeasurement, ;hotograrhed objects on the whole
are characterized by illumination, spectral composition of the illuminating light,
character of surface, and color of the objects photographed.

The optical properties of the medium between the photographed objiect and the

camera also exer. substantial influence on the exposure-measurement characteristics

34
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and the final quality of the image.

Since the light rays coming from the photographed object and passing through
the lens o the camera act cn the sensitive layer of the negative material, it fol-
lows that in addition to the influence of other numerous flactors, which will be con-
sidered below, the illumination of the individual elements of the coptical image is
determined primarily by the brightness of the regions of the ctiect cerrespondiing to

it.

“eflecticn Factor

letermined

reflec .~

ing power of various objects fluctuates over a rather wide range and is usually
characterized by the reflection factor of the surface, which determines the ratic
of the light flux reflected by a body to the light flux falling on it.

The peculiarities of the textures of the surfaces rellecting light determine
not only the magnitude and character of the light flux reflected but also its direc-
tion.

In this connection, three main forms of reflections are distinguished:
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directional, scattered, and mixed.

The directional, or mirror reflection characteristic of smooth pclished sur-
faces, is represented schematically in Fig.22.

In a scattered reflection the li,ht flux is scattered in various directions,
Two frequent cases of scattered reflection mist pe ncted: diffuse and directional-
diffuse. The materials possessing directional-diffuse reflecticn include, <
example, dull metal sur®aces. The surfaces having diffuse reflection i
stuccoed surfaces, cement coating, and similar matte cempesitions.

Yixed reflecticn, characterized by the combination ¢f irecticnal
ed reflection, is likewise sciematicallr rerresented in

Trhe figure distin

The brightness is one of the basic pretcrmetric quan
5

the liuminescence c¢f lipht snurces ani

: : 3 N .
directly perceived ¥ the ere, and i

. X , '
on the distance from tre cbserver s

centimeter. In exposure measurements ind
surface obeying larberits law is often *aken s tre apos
one stilb = 31,40C apostilbs,
able 2 gives data on the brightne a few cblects.
primaril;- directional-scattered and mixed reflection,

many 1O B o . res are

observed from different

i11lumination) will vary over rather wide range. The brightness of these surfaces

will be maximum in the directions approaching the angles of mirror reflection.
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Tre Coefficient of Brightn

Since it is precisely the value of the brightness in the direction of the
camera that determines the exponcwetric brightnesses of photographed objects and the
corresponding illuminations of the optical image, we are primarily concerned, in
calculating exposures, with the data on the value of the brightness of objects
protographed, measured in the direction of the camera. In this connection the
peculiarities of the reflection of light by one surface or another mar be expedient-

expressed br the value cI the brightness coefficients, determined by the ratic
- .

the brightness ol this U in the given lirection tc the brighiness of

=
uminated in the same war .
Tatle 2
o7 the Trighiness 27 a Few (blects

Value of IDrightness

Pt

Jun, observed from the surface of
earth with a ciear sky

20, 000-90,000 apostilbs
{about 3 stilbs)

e paper illiminated by direct sun-
light L0,000-60,000 apostilbs
“hite paper in shade on a sunny dayr TL00C-20,000 apcstilbs

White paper on a cloudy day on an open
space 10,00C-13,000 apestilbs

Light colored building faced with ceramic
tile, in sunlight 2%,000-30,00C apostilbs

Dry asphalt in sunlight 11,000-17,000 apostilbs

¥ An absolutely white surface is a surface which diffusely reflects 100% of the

light falling on it, and whose reflection factor is accordingly taken as unity.
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(table continued)
tblect © Value of Brightness

Dry asphalt in shade 2,500- 4,000 apostilbs
Jater surfare in sun (in th 3,500~ 5,000 apostilbs

Grass in sun £,000-10,00C apcestilbs

1, 00026, 0CC

aposiilbs
apostilbs
apostilbs
overcast weather > apostilbs
very overcast weather 1,000~ 3,00C apostilbs

usual cloudless day £,000-1C,00C apostilbs

very clear day 3,000~ 5,000

The brightneas of a surface when there is a appreciable
is determined not only by the illumination of the surface, but, depending on its

reflection of the light source itself, it alsoc becomes a function of the brightness

of that light source. The brightness factor of colored surfaces, which selectiwvely

reflect the light fluxes falling on them, will substantially vary with the spectral

L0
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composition of that light.

The Spectral Brightness Faclor

Tor this reason, in determining the conditions of exposure, the values of the
spectral brightness coefficient of their surfaces must be thoroughly taken into
ascount. But in practice, in determining the time and conditions of the exposure
by the aid of photoeleciric instruments, all of the extiremely complex interrelations
bLetween the colority of the oblects photographed, the variations of the spectral
-

compesition of

the illuminating light, and the color semsitivity cf tre negative
=aterials cannct be completelyr taken Inte unt leverwheless, the exposare
determined in prac-tice by means oI expcsure reters o s+i11 able ‘o ccnsiier the

values of the rmeasured brighine e lerec ‘e~+ being photegraphed as a

o7 their brightness characteristics.

3righine ; : Frotograpned .tlects

As shown in 7T : e refle-~‘ing pover o
raister wide range. .J:rfaces possessing U
¢rig reassn the maximum rossible
= ightness “cr 2 uniformi; :11iminated obfect cannot in practii-e exceed
ghtness range tetween similarly illuminated surfaces of freshly fall-
en snow, which rellect up to g~ o~ the light falling cn it, and black velvet, is
equal only to about 0:l. ¥ shading the areas covered with black velvet, however,

and maintaining ¢he illumination of the snow surface, we may increase ire bright-

ness range of this oblect to a very great extent. ith increasing difference of

i1lumination between the individual elements, the brightness range of protographed

obiects may be increased to immense values, reaching 100,000:1 and even more.
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Table 3

Reflecting Power of Various Surfaces

Surface

lagnesitm axdde
Alabaster

Polished silver
Matte silvering

Glass mirror

“hremiun-plated polished surface

Yatte chroium plating
Polished aluminu-
Matte aliminum

“hite tinplate
“reshly fallen snow
Thawing, clean snow
atte white paper

“hite plaster surface

“hite cemen® coating on siucco surface

Stucco surfac

Skin of face

White drr sand

Wet white sand
Yellow clay

Asphalt sidewalk, dry
Asphalt sidewalk, wet
Dry black earth

Wet black earth

Form of reflection

Diffuse
Diffuse
Directional
Directional-scattered
Directional

rectional
Xirectional-scattered
Directicnal
Directional-scattered
Directicnal
Tdxed
Tixed
Directional-scattered
Diffuse
‘pproachtes diffuse
Diffuse
Mixed
Diffuse
Diffuse

iffuse
14dxed
Directional-scattered
Diffuse
Directional diffuse

Reflection
coefficient
0.96
0.92
0.88-0.93
0.7
0.72-0.85
0.60-0.70
0.50

0.65-0.75

Up to 0.8
C.L4-0.L5
0.25-0.35
0.24-0.32
C.131-C.
0.16
0.10-0.18
0.06-0.08
0.07-0.08
0.02-0.05
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(table continued)

Surface Form of reflectian Reflection
coefficient

Boards {fresh wood) The same 0.35-0.42
0l1d silvered boards Tre same 0.12-0.16

Crowns of evergreen vegetation Diffuse and
directional-scaztered C.08-C.12

Deciduous vegetation in surmer Directional~-scattiered 0.09-0.12
Deciducus vegetation in auturm T ar 0.15-0.30
Vhite
Black
Dlack

Tlack

the pure brightness constirasts,
but also the phenomena of color nt L In th re delerminaticn :I tlhe

is made rore complic

tre differences In ithe
rightness of “reir colored surfaces.

It is very difficult to establish the values ol such a mixed contrast, Zeter-
mined sirmltanecusly by the influence of both brightness contrast and color con-
trast. The value of ithe color contrast, in distinction to that of brightness con-
trast, canmnot be expressed by any one quantiiy, and therefore there is still no

simple expression for the measure of color contrast. But since the spectral

* The high absorptive properties of these materials are explained in part by their

porosity, which causes the light falling on them, before leaving the interior of

the material to be reflected several times.
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sensitivity of photoelectric exposure meters shows a marked approximation to thc
spectral sensitivity of the eaye and of mode.
of exposure measurements, the brightness ranges of colored objects may be expressed
with sufficient accuracy by their brightness ratios determined by the aid of the
exposure meter,

As an example we give the mean values of the brightness range for a few of

the most usual photographed objects, summarized in Table 4.

Variation of Conditions of Natural IZlumination, and the Value of the Brightness

fange of the Obiect

In natural photographs the variation in the character of the illumination con-
nected with altitude of the sun, the variation in the transparency in the
and of the cloudiness substantially influence the ratic between the direction
scattered parts of the sclar radiatlion. This variatiom in the character of the
illuminating light sannot but influence the character ¢ the photeograpric image and
manifest itself first of all in the contrast of the illumination. The increase in
the proportion of scattered light in the total illumination, which intensifies the
illumination of the shade areas of the photographed objesi, markedly reduces image
contrast. This reduction in the brighiness range of the photographed :biects may
reach very high levels when there is cloudiness. hen the cloudiness increases and

the quantity of scattered light rises, the illumination of the elements in the shad-

ow may be doubled or tripled, and even increased by a large factor, while the bright-

ness range of the object is ~orrespondingly reduced.
Table 4
Brightness Ranges of a Few Photographed Objects (According to
the Data of the Department of Motion-Picture Photography, VGIK)

Objects photographed Brightness Interval

1

Earth's surface seen from aifcrart, summer 1:3 ~ Y:6

[
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Brightness Interval

Earth's surface seen from aircraft, winter 1:6 - 1:10
Landacape without foreground, in mist 1:2 - 1:3

Landscape without foreground in scattered light on overcast
1:5 - 1:10

Landscape without foreground in direct sunlight 110 1:30
Landscape without foreground taken against the light :20 1:40
dscape with foreground in direct sunlight :2C 1:60

landscape with very dark foreground in sunlight 1:100 - 1:300

Landscape with sun in frame 1:2,000,000
City scene without foreground on overcast day 1:5 - 1:10

City scene without foreground in sunlight 1:10 1:40

tlarrow shadowed streets with separate buildings illuminated
by the sun 1:10C ~ 1:500

Jdark buildings against sky background 1:100 1:200

Dark spans and arches o bridges, and gates, with back-
grounds brightly illuminated by the sun : 1:10,00C

Groups on sunny day, depending on color of clotring and
direction of light : 1:300

Groups on overcast day

Portrait with light hair against background of open
landscape with sunlight

Portrait with dark hair against background of open
landscape in sunlight

General layouts in motion picture studio, according to
character of subject and {llumination

Inside view of roam (without windows, in frame)

Inner view of light room, taken facing windows, without
artificial i{1lumination .

Inner view of dark room taken facing brightly i{lluminated
windows, without artificial 1llumination

45

Sanitized Copy Aj ved for Release 2010/09/03 : CIA-RDP81-01043R000900020001-




Sanitized Cop roved for Release 2010/09/03 : CIA-RDP81-01043R000900020001-5

A result of this is the very surprising variation of the exposure measurement char-
acteristics and of the character of the images of the objects taken in overcast

weather or with a certain, even the very slight whitish haze.

Influence of Mist and Haze

A very appreciable influence on the brightness range of photographed objects is
exerted by the optical properties of the medium filling the space between the photo-
graphed object and the camera. The brightness of the atmospheric haze or of the
translucent nist is, as it were superimposed on the brightness of all elements of
the oblects photographed. .ithout exerting a perceptible influence in increasing
the brightness of the light areas, it substantially increases the brightness of the
dark or slightly illurina‘ed elements of the object. The thickening of the mist
and the increases of its brightness, as well as the increase of the distance be-
tween the photographed obiect and the camera, strongly reduces the brightness range
of tre ob‘ect. when the density of the haze or mist is furither increased, its

brightness, after reaching a delinite value, levels out with the brightness of the

ligh-es: elements of the oblect. [he brightness range of the oblect of photography

r

in this case will be 1:1, its contrast will fall tc zerc, and dif{ferences of

FRy

ness will become impercertible., The value of the brightness interval of the
photographed, as we have already noted in the last Chapter, is of very great

cal importance, which increases particularly when working on color negative materi-
als and in taking high-contrast subjects. For this reason the method of determin-
ing the brightness range of the photographed object by means of photoelectric
instruments has therefore become widespread. ‘e shall later consider in detail
the technique of determining the brightness range by the aid of photoelectric expo-

sure meters,
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THE ILIUMINATION OF THE SENSITIVE IAYER AND ITS

ON THE TIME

The principal factors determining the illumination of the sensitive layer and
consequently, also the value of the exposure required, are the brightness of the
objects photographed and the power of the optical system of the camera. At a given
brightness of the photographed objects, the illumination of the optical image is
directly proportional to the square of the relative aperture of the lens. The
exposure time necessary to obtain one and the same photochemical action of the
light on the sensitive film will be inversely proportional ‘o the square of the

relative aperiure.

“elation Between the Illumination of the Sensitive layer and ihe Brightness

of the Photographed Object

If the brightness of an individual element of the photographed cbject is known,
then the illumination produced, on the sensitive material, by the area of the opti-
cal image corresponding to it, is determined by the ezuation
2

.
. _ob ( d
: . -2
LA L £)

where Eimage = the illumination of the area of the optical image in lux; Bob the
brightness of the photographed objects, in apostilbs; d the diameter of the effec-
tive aperture, and £ the focal length of the lens.

Without allowing for the loss of light in the optical system of the camera and
the influence of other factors which substantially lower the illumination of the
optical image, this equation can serve only to obtain approximate data on the illu-
mination of the sensitive layer and the value of the necessary exposure. To obtain
complete accurate data on the illumination produced at one a.rea or another of the

sensitive layer by the optical images of the photographed objects, however, it is

necessary to take account of all the main factors which affect that value in one
STAT
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way or another. It must be noted that in the practical work of a motion picture
operator or photographer, and in the exposure measurements made by them, these for-
miles are usually not used, since they are very complex. To elncidate the influence
of the principal factors determining the illumination of the sensitive layer, it

will be expedient to discuss this subject in detail.

lLight losses in the lens and the Effective lens Speed

The losses of light when the light rays pass through the lenses are made up ol
the losses on rellection of light from tlie surfaces of the lens elements and the
absorption of light in the interior of the glass. In this connection, in distine-
tion to the calsulated lens speed, which is determined merely by the geoxmetrical
dimensions of the effective aperture and focal length, and does not allow for the
loss of light in the lens, the so-called actual or effective lens power should be
taken into account. ~"he data on ‘he effcctive lens power characterize the operation
of an optical systez incomparably more completelr, and make it possible to nare
comparative estimates of the effective speed c? lenses of different i pes.

The light losses b;- absorptioch by the glass of +he lens usually do not exceed
17 per cm of glass thickness and do not substantially reduce itre illumination cf
the optical image. The influence of this factor for lenses of short focal lengtilh
may therefore be neglectsd.

The losses of light resulting from its reflection from the lens surfaces has
a considerably greater influence on the value of the effective apeed of 2 lens.
“he value of these losses increases with the refractive index of the glass and

es from L to 6.87%.

With an accuracy sufficient for practical purposes it may be considered that,

when light is reflected from each air-glass surface of a lens, about 5% of the

light falling on it is reflected. These light losses increase sharply with the
number of lens elements and the mumber of uncemented surfaces, which constitute

surfaces of separation between air and glass.
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Transmission of the lens

Table 5 gives cormparative data on the light losses by reflection for a simple

lens, and for optical systems with varying numbers of light-refracting surfaces,
In modern compound lenses, th 6 to 8 air-glass surfaces of separation, the total
losses from reflection and absorption of light are very great, reaching 30-40% and
more. The coefficient of transmission of such lenses, defined as the ratio of the
light flux passing through the lens to the light Ilux falling on it, sometimes does
not exceed 0,50-0,£C.

The effective speed of compound lenses is very much less than their calculated
speed, is very greatlr reduced. In this comnection, the speed of lenses of differ-
ent designs cannot be evaluated and comnpared in exposure measurement calculations
witheout allewing fe ol ! icien T nd nly from the value of
the relative apert te g trical in ris unavoidably leads
Lo errcrs.

in tre lens ray be apprcximatelr Zetermined by the forzula

where n is the number of uncemented lens surfaces (the lignht losses on reflection
is taken as equal on the average to 57), 1 = lengih of the path of the ray *hrough

the glass of the lens (in cmj.

Table 3

light losses Due to lefllection in (ptical Systems

Humber of Number of glass-air surfaces of rightneses of emerging beam
lenses separation (index of reflection (brightness of pencil of rays
of glass = 1.55) falling on lens taken as 1.00)

0.90
0.82
0.75
0.68
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coefficient of transmission of the camera optical system.

Thus, for example, according to the data of V.V.Pustkov, the transmission
coefficient of the M"Yupiter 3" lens with a focal length of 5.0 cm and a relative
aperture of 1:1.5, was 727 before coating, while after coating it increased to 917.

For the "Yupiter 12" lens, with a focal length of 3.5 cm and a relative aper-

of 1:2.8, these values are respectively 68 and 897,

“or the MIndustar 22" lens with a focal lengtt of 7.0 cm and a relative aper-

of 1:3.%, installed in the Mlorkiy" miniature camera, these values are £9 and

The illumination oI the photcsensitive larer produced on varicas areas of the
ob‘ects of the same brightness is maximur at the

12y declines towarls tle edge of the irmare,

~

Fall of IXlumination Towards the “dre of tihe Image

This fall oI illumination is due Lo the influence of certain basic causes,
Some of inem are comon to lenses of the most varied types and are not rela‘ed to
their design [

The fall of i ati towards the edge of ‘he field, due to the influence
of factors of this group, obeys certain general regularities and can be established
by caleulation.

Since the distance from the lens to any point on the edge of the image is
greater than the distance to the center of the field by a factor of R’.}._'S"’ (where
© is the angle formed by the optical axis of the iens and the principal ray passing
through this point), the illumination produced on the sensitive layer by the optical
images of the photographed objects for any point of the image field will vary
proportionally to cos ©. It must be taken into account here that the light rays

passing through the lens fall at a certain angle on the marginal regions of the
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image field. In connection with this the illumination of the sensitive layer on
the marginal areas, as a result of well known regularities, will vary likewise

proportionally to the cosine of the angle of incidence of the rays on the illumi-

nated surface, i.e. it will be proportional to cas?8.

Since the brightness of the light flux passing through the lens for points
located at one side of the optical axds, i.e. for inclined beans, will be less than
the brightness of the direct ray, likewise by 2 factor of cos €, the illumination
of areas of the optical image remote from the center of the field, by virtue of tre
influence of the above factors, will be less, by 2 factor of : » than the

cos
illumination of the center cf the field.

The reduction in the illumination of the boundary regions is very small when
the image angles are smali and has no substantial effect on thre quality of the
photographic image. ' hen shori-Tocus lenses with large image angles are used, tre
decrease in illumination becomes appreciably more. The quanti ty of illumination
received by the sensitive larer at the edges of the image will be smaller than a<
the center of the field. The result of this will be a reduction in negitive demsity
on the marginal areas, whicl. is particularly marked in cases ¢’ underexposure.

This fact srould be taken into account in the ‘rame and seiting the illuminaticnm of
the photographed oblects in cases when their images are loca<ed at itihe edges of <he
field.

The reduction in the illumination of the marginal areas of the ortical image
is particularly marked when motion picture lenses of short focal length are useds WS
The illumination of the boundary areas for lenses of focal length from 5.0 to 10.0
cm, owing to the above enumerated factors, will amount to about 0.85-0.96 of the
illumination of the center of the field, taken as unity. Then short-focus lenses
are used, the illumination at the edges of the frame amount to abcut 0.72 of the
illumination of the center of the image field for a lens of 3.5 cm focal length,

and for a lens with a focal length of 2.5 cm, to only 0.54 of that illumination
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(Table 6).
Table 6
Fall of I1lumination of Marginal Areas of the Optical Image
in Miniature Cameras
Focal length Image angle along I1lurmination of the boundary
of lens in rm diagonal of photograph, areas of the image (the

(in degrees) illumination at the center of
the field is taken as 1,00)

0.39
C.55
o7k
0.01,
0.95

In using miniature cameras, cwing ‘o the same factors, the illumination of <he
boundary areas of ‘he optical image when interchangable lenses of various fecal
length are used, varies %o an even greater extent,

In addition ‘o the factors considered above, the influence cof the vignei:iing
e’fect, which is very closely related tc the design fextures of the lens itself,
tas a very great effect on the fall of illumination in the marginal areas. The
vignetting of the image is the res:lit of the limiting of the light beax passing
through the lens by the lens mounting. Vignelting is pirticularly great in oper-
ating at full stop, or with a shutier only slightly stopped down.

In connection with this, the actual fall of illumination towards the edge of
the image is notably increased. .hen the lens is stcpped down, the vignetting is
decreased, and when the size of the effective aperiure is considerably reduced, it
becomes almost unnoticable. In these cases the differences in the illumination of
the boundary areas of the optical image and the center of the field are due mainly

to the influence of the above enumerated factors alone.

Fig.23 gives graphs of the distribution of the illumination of the optical

image for a few Soviet motion-picture lenses (from the dat§ of the lens testing
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Fig.23. Jraphs of the Fall in Illumination of the Uptical Image
Towards the Fdge of the Frame for a Few l‘otion-Picture lenses
a) To 56-1; £ = 35 mm; b) Uran 21; £ = 27 mm; c) To 57-1; £ = 35 mm;

d) 70 13-1; £ = 28 mm; e) lelios 33; £ = 35 mm; f) Ro 3-3; I = 50 mm
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laboratory of the Mosfilm motion picture studio). It will be seen from these curves
that the illumination of the marginal portions of the frame for most of the short
focus lenses tested at a relative aperture of 1:2 does not exceed 25-40% of the

illumination of the centrzl areas of the image field.

Variation of Illumination of Sensitive r with Increas Scale of the

The illumination of the sensitive layer is related in the closest way with the
scale of the image of the photographed object. .hen the distance beiween the object
and the camera is varied, the value of the relative aperture of the lens likewise
varies, and consequently also thre illumination of the optical image. These varia-
tions of the lens speed, which determine the variations in the illumination of the
sensitive layer, mus®: be taken fully intc account in determining the exposure time
and conditions.

distance fror “he camera to ‘he object photographed
ig 15-2C focal-lengths of the lens used, these variations ol the lens speed are
ver> small and may be omitied from consideration in the praclice of determining the
exposure, .ith a considerable increase in ilie size of the image, determining the
ratio of the linear dimensions of the image in the negati
linear dinensions of the oblects photographed, ‘he influence of this factor rapidly
increasés.

Tus in taking a portrait, occupying in height ihe entire area ol the frame
(size of the ohject L4LB-50 cm in height, dirmensions of the standard motion picture
frame 16 x 22 mm), the scale of the image will be about 1/30.

In the case, however, of a picture with a very large detail, for example, the
eye, likewise occupying the entire height of the frame (size of the object 30-32 mm
in height) the scale of the image will be about 4.

If the exposure time in taking an infinitely distant object is taken as unity,

then in the first of these cases, the exposure time under the same illumination

conditions, 18 found to be the extremely small value of 1.07, while in the second
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Fig.25. Brightness Range of (bject Photographed Under These Conditions

of Illumination is Very Creat, and is Zqual to About 400:1
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Fig.2f. Influence of Ligh! J+a‘tering in ‘he lens and lamera on the Feduction

oo

of Jontrast in the Image of ‘he IMotngraphed tblects shown in Fig.25
a) B t £ fobfect & 400:1 - i poe) Boas : ~ (i
) Drightness range of obje 00:1 * 5 b) Byt o) ays d) ]minn (i *

.Escatt) e) E:minl = Ly Zi‘ " o t; g) Jrr;x.( - Dmin; h) iange of density

of negative: D nin 0.36; k) am‘nz = 0,52
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case it will be equal to 2.25.

The practical value of such a correction must not by any means be underesti-
mated.

The value of the necessary exposure correction may be easily determined by
calculation., let us take the exposure time for ordinary cases of a picture with
a small scale enlargement as unity. In this case, under unchanged conditions of

illumination, the value of the exposure correction necessary when the scale of the

. : . - . 2
image is increased, mar te letermined by the Tormula (1 + 1/&)°, where 1/4 is tre

e obiects rhotcrraphed.

" the use of this formula in zaleulating *he exposure, let us

in this case will be 1.7 times as great as ‘he
The necessary expesre time in this case will be equal ‘e
1s ‘le exposure iU proTTe

small image scales.

~

The necessary expcosure orrections mar be easily determined likewise with

aid ol the nomogram given in ig.li.

PRI SCALE OF IMAGE OF PHOTOOGRAWED OBJECTS

W % 5 95 8
TS B 1
rrr—T

1 v
meuus sz ¥ Yy «

Fig.24. NKasogram ernmination of the Ixposure Time “hen

the Scale of the of the Photographed (bjec.; Increases

Scattering of lLight in the System lens: Camera

On considering the question of the illumination of the sensitive layer and its
influence on the time and conditions of exposure, we took into account only the
basic relations existing between tha brightness of the objects photographed and the

illumination produced on the sensitive layer by its optical image. For a more exact
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estimate of the illumination of isolated areas of the cptical image, and in partic-
ular, for the reproduction of the contrasts of the objects photographed, it is
necessary to take account likewise of the scattering of light in the system lens-
camera and its inf{luence on the quality of the photographic image.

The illumination cf each individual area of the sensitive layer in the camera
is made up of the illumination produced on the layer by the optical images of the
photographed obt’ects, and a certain additiornal illumination produced by the light

in the lens and tre camera.

and Image O

reflection and scatter-
ple reflection

tre mountings oI Ll “hen onouncoated cptical system is

caking part in th ion of tle eoptical image, this scattered
~he sensitive r, 2 cert additicnal general illumination,
ge. itlout markedly affecting
“he increase in ‘the i n ¢ the light areas, *his additiornal light sircongly
increases the illurination of the shadowy, low-illurination areas of ihe sensitive
larer, and ‘hereby substantially reduces the contrast and the color characteristics
of the image. In connection with this, the influence of the scattering
tecomes particularly marked when dark and wealily illurinated surfaces are present
in the frame, ‘ogether with a considerable brightness interval of the photographed
object. The inclusion, in the frame, alongsids of areas of low brightness, of
cbiects of very great brightness, for example of open light sources, bright flashes,
etc, exerts a particularly great influence on the quantity of scattered light, and,
consequently, on the reduction of the image contrast.
As the design of lenses become more complex, i.e. with increasing number of

air-glass surfaces of separation, the quantity of light diffused in the lens
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increases rapidly. On the average, in fonr-element anastigmats, with eight air-

glass surfaces, the additional illumination of the sensitive layer due to scatlered

light not participating directly in the formation of the optical image reaches 6% of

iree-element lenses, having 6 air-glass
surfaces, are used, about L-57 of the total quantity of light forming the optical
image is scattered.

In comnection with this, the minimur illurination of the corresponding areas of
tiie sensitive layer due tc the optical irages ¢ the pliotographed objects vhose
brightness is very low, cannct fall below =10 ¢f the mean illumination of thre
optical irmage when uncoa‘ed lenses are usedl.

Tre zcating of the coptical syrstem ol th 4 3 Su b in half the Tuan-
titly of scattered light and substantially
the lens. Jtudies made at the laborateory
have showm that out of “he *otal cuantity of iz in the optical systex
and the cazmera vhen uncoated lenses are used, ©° . is the share of the lens
itself, while with i : f nly 25-277 i3 such share. Thus, even
when coated lenscs are g light tnat are scattered owing to multiple
reflections from the elermenis and mountings of the lens, the sensitive layer and

the camera details, are added cn all parts of *‘he optical image, and have a marked

effect on its contrast,

The Coefficient of Con‘ras! loss

The reduciion in the image contrasts may be characterized by the value of the
coefficient of contrast loss, which represents the ratio of the interval of illumi-
nation of the optical image to the interval of brightness of the object. The value
of the coefficient of contrast loss in the system lens-camera will substantially
vary with varying character and contrast of the photographed objects. GStudies have
shown that for different lenses and caueras, the value of ths coefficient of con-

trast loss in the optical image varies over a relatively wide range and reaches
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values Irom l.15 to S.0.

In photographs of high-contrast objects, the interval of illumination of the
image, even when a coated optical system is used, may fall by comparison with the
interval of brightness of an object by a factor of two or three or even more. Thus
the reduction in contrast of the photographic image, defined by the properties of
the negative material and the conditions of develcpment, are supplemented and inten-

ified by the influence of light scattering.

in phetographing sublects with = wide interval of brighiness,

markedly increases <he allowable errcrs in determination

becomes of substantisl impertian-e
let s ceonsider a
othiests shown
s:zttering of
e correspondine ireus o
relations between tle
larer prodused by tieir p

P
L

levelcred 2« Jess <harn uni
reprciuced in the negative with

Trhe interval cf densities of the black-

responding ‘o the . and meximim brighinesses of the

ANEg o Lrhe r

without allewing for ‘e 3cattering of light, wo:ld in this case determine

the difference D ., = 2.2 and Dmi_n = 0,3¢ and would be etual to 7C:l.
Z2ut in reality, owing to the scattering of ligh® in ‘hre lens and camera onto
all regions of the layer, there will be a certain additional general illumination

Egcat W11l be imposed. '/ithout increasing perceptibly the illumination of the light
areas, this scattered additional light will somewhat increase the illumination
produced on the layer by the shade areas of the optical image. As a result, the

quantity of illumination received by the layer on these areas increases to
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Emin + Escat ¢ t, and the densities of blackening to the negatives corresponding to
a minimum bright element of the object photographed, will increase from Dmin = 0,36
to the density Dpi, = 0.52. Allowing for the quanity of illumination HminII'
received at the given axposure time t by the individual areas of the sensitive
layer, we construct the characteristic curve Il {Fig.26). As will be seen from the
figure, the form of this curve varies particularly strongly in its lower pertion,
i.e. on the section of underexposure, where the increase of illumination of the
layer which is the consequence ¢ the scattering o7 the light is rarticularly mark-
ed. Jince the densiwy nming‘ Te”l is greater tran the density Dpyn = C.26, tre
centrasts of the coblects in the negative will te aiditionally lowered, and thre
interval of densiiy cf blackening ¢ the negative will be egual only ¢ 4L2:1. The
contrast in the negative in

In photographs characterized bxr o more o
by lesser ccntrasts, using ihe same negative materials, lens and

encze of light s T lon of irmage consirast is

ividual elements of a photograph-
el object measured in the directicns of the camera. ‘re brightness of
intervals betiween the columns Is emqual %o X apesiilbs, and that of the lightest
(the light globes of white milky glass) 34,200 apcstilbs, The brighiness range of
this object is about 40:1 {7ig.27). As in the preceding example, the negative was
developed to v = 0.67. As a result of the compression of contrast of the negative

image and the influence of the ligh® scattering, both connected with this, the

terval of densities of blackening in the negative, as shown in Fig.29, are found

to be equal to 1:15, and will be lower by a factor of about 2.6 than the interval
of brightness of the photographed object.
Allowing for this circumstance in practical work, it is necessary to bear in

mind the fact that this lowering of contrast in the negative image will be
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Fig.27. At the Entrance to the Hew Building of Moscow University (Photographed

by Yu.Cantman). The Brightness Range of the Photographed Object is About 40:1
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5

Distribution of Areas of {ptizal Densitiles

on the Photegraph (cf, Fiz

4)
Fig.29. The Curve Shows that as a ifesult of the Development

of the legative of the Photograph (cf. Fig.27)to ¥ = 0.67,

the Interval of Negative Densities is Reduced to 1:15

a) Interval of optical densities of negative; b) Do, i ¢) Dpyp

d) Dpax - Duin ¢ ) Bpini 8) Bpax i h) Brightness range of object 1:40
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compensated to some extent during the printing of the positives, by the higher con-
trast of the positive materials.

By studying the influence of these basic factors we will be able completely to
express the relation between the brightness of the photographed object and the illu-
minations corresponding to these areas of the sensitive layer.

Allowing for the influence of these factors, the illumination produced on the
sensitive larer by the optical images of these or those elements of the photographed
object, whose brightness is expressed in apostilbs, may be determined from tre

equation:

where Egin is the illumination of tire cptical image of the element of the photograph-

ed object in lux; aob = brightness of element cf protographed object measured in the
direction of the camera in apostilks; ¢ = fccal length of tre lens; n = /4

s top number, i.e. the reciprocal of <he relative aperture of the lens; v =

distance from the rear nodanl point of the lens <c the plane of <he image in

camera; ® = angle between optical axis of the lens and the directicn to the given
point of the image; - = coefficient of transmission of the lens; Kvign

of transmission of the lens for points lying ocutside the axis, due tc the influence

= coefficient

of the vignetting of the image; xscat = scattering of light in the system lens-cam-

era which, for a specific object, also defines the conditions cf exposure.
By combining the influence of the various parts of the above enumerated fac-
tors, the equation may be represented in the following simple form:

2
£~
E 13

B —_— .
am ob a2 o2 L)

where K = the coefficient of light loss in the optical system.

"
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INFIUENCE OF PHOTOSFNSITTVITY AND OOLOR SENSITIVITY OF NEGATIVE

MATERIALS ON THE TIME AND CONDITIONS OF EXPOSURE

The photosensitivity of negative materials is one of the most important prac-
tical characteristics. In using photographic plates or films having different
sensitivity, the time of exposure under one and the same conditions of photography
must be inversely proportional to their semsitivity. Thus, the use of negative
materials of higher sensitivity makes it possible successfully to take plctiures
under less favorable illumination conditions, and with a sherter exposure time than

when less sensitive plates and films are used.

The GC3T System
Tre sensitometric sysiem X357, developed by Soviet scientists, expresses tre
photosensitivity of photographic materials br a muantity that is the reciprocal of
the value of the exposure expressed in lux-seconds which produces on the photceraph-
ic laver a blackening with an optical density of 0.2 over thre density of the fog.
The protosensitivity of photographic materials is thus deterrmined by the fcrmla
1 5 05T

S = e , where 3 is the photosensitiviiy expressed in GG
ne* Ce2

and H =
values of the exposure ccrresponding o the demsity Dg + C.2.

The development of the test plates or films must be conducted in a definite
developer to the contrast coefficient recommended by GLST for the given negative
material.

The fundamental advantage of the system of the GOST sensitometric system is
the approximation of the test conditions and the expression of the properties of
photographic materials, to the conditions of their practical utilization in photo-
graphy. The relative practical sensitivity of various negative materials when ex-
pressed by this system of sensitometric measurements is found to be directly pro-

portional to the number of GOST units.

The photosensitivity of photographic materials in GOST units is established in

STAT
65
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the following manner. On the characteristic curve constructed on the standard

sensitometric blank, the point corresponding for the given test material to the

density 0.2 above the fog density (point A on Fig.30) is marked. The perpendicular

dropped from this point to the graph of the scale of photosensitivity values in the
lower part of the graph shows at the point of intersection with this scale of the
vhotos » a8t its point of intersection with this scale, the photosensitivity
oI the test material expressed in GC3T units. For example, the sensitivity of
negative motion picture film the characteristic curve of which is given in our draw-
ing, for its development to the recomrended value v = C.€5 is found o be equal to
about 20 GC3T units.

In connection with the fact tfat the sensitivity of certain photomaterials
and their designation on the calculators of certain protoeleciric exposure meters
is expressed not in KJT units, but in degrees of ciler sensi‘ometric systems, it
is sometimes necessiry, in exposure measurement calculations, to recaleulate, and
compare among themselves, the values of the photosensitivity determired by differ-
ent methods.

In connection with the fundamental differences in the criteria of sensitivity
on which this or trat sensitomeiric system is based, ‘here can be no constant and
precise coefficient of conversion cof the degrees of one sensitometric system into
the degrees of another. This is explained by the approximate characier and the
inexactness of the comparative data on Lhe sensitivity of these or those negative
materials, expressed in units or degrees of the various sensitometric systems.

Comparative tables may have a certain practical significance only in those
cases where they have been compiled on the basis of numercus studies taking full
account of the peculiarities of use and of laboratory processing of the plates and
films. But even in these cases we must still take into account the possibility of
very substantial differences between the value of the actual sensitivity of one

negative material or another determined under the specific practical conditions of

STAT
66
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photography and processing, and the value of this sensitivity determined from com-
parative tables.

On page 68 the comparative Table 7 is given, showing the values of the photo-
sensitivity of negative materials expressed in units of various sensitometric sys-
tems. The last column of this table contains the data on the relative photosensi-
tivity of various materials.

The questions of the photosensitivity of negative materials cannot be consider-
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termination of the Photosensitivity by the Z(ST
Sensitometric System

a) ¥, lux-sec; b) 5 (GC3T units)

ed without a comprehensive consideration of their spectral sensitivity. This is
connected with the fact that the sensitivity of the emulsion in films under various
conditions of photography is found to be inconstant and varies markedly under vari-

ation of the spectral composition of the light illuminating the photographed objects.
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The differences between the photosensitivity of different negative materials there-

fore determine not only the character of the color reproduction, but also take on
the most substantial significance from the point of view of exposure measurement as
well,
Table 7
Comparative Table of Felative Values of the Photosensitivity

of Negative Materials in Different Sensitimetric Systems

Yurter DI wWeston General Relativ
and Driffield flectric Photosensitivity
(4 and D)
10/1¢
11/10
pRyale
13 /¢
1 /ic
17 /1C
14 /10
1i7/10
18/10
19/1C
20/10
21/10
22/10
23/10
24/10
25/10
26/10
27/10
28/10
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In connection with this, in determining the time and conditions of exposure we
mst invariably take into consideration the variations in photosensitivity of the
negative materials due to ths variations of the spectral composition of the illumi-
nation. The value of the exposure corrections necessary under these or those con-
ditions of illumination, and compensating these variations of sensitivity, may be
easily established by trial photographs.

In determining the time and conditions of exposure by means of protoelactric
exposure meters, in connection with the variation oI thre spectral composition of
ratural illumination and of the speciral charactle ics
the necessary corrections, detercined experimen:allr, must likewise be applied to
the instrument readings. In phoicgraphs taken, feor example, on panchromatic nega-

<

+ive materials under the light of incandescent lamps, the value of ihis correction
rpav reach 30-4C7. In practice we can allow for these variations by lowering the
index of sensitivity o negative materials set on the calculatcr of the exposure
meter, to 50-T07 of the photosensitivity determined “or the case of a photograph

+ <

under ratural illumination or iliumination by high-intensity arc lamps.

The Photosensitiviiy of Multi-layer Coler liegative Yaterials

In connection with the small protographic density of multi-layer negative
£ilms, color photography demands far higher accuracy in the determination of the
exposure and exposure conditions photography with ordinary black-whiie negative
materials. One of ithe basic conditions of the accuracy of exposure-measurement
calculations performed by the aid of tables, or cf photoelectric exponometers, is
the calculation, to the utmost possible degree of accuracy, of the photosensitivity
of the negative materials employed.

But the technique of sensitometric estimates and of the exact expression of
the sensitivity of multi-layered films at the present time is still inadequately

developed, For this reason, the conditions of exposure assuring the possibility of
a correct and undistorted reproduction of the color of the object photographed mﬁy
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be taken as a certain criterion of the sensitivity for the given negative color
film. In comparing the sensitivity of the color film to the sensitivity of those
white—-and-black negative materials that, under the same conditions of illumination
and exposure, give high-grade results, that sensitivity may, with accuracy suffi-
cient for practical purposes, be expressed arditrarily in the usual units of sensi-
tivity.

In most cases, the sens:itiviiy of colored negative films of type D3, intended
for photographs under natural illumination, or under the light ¢f nigh-intensity
arc lamps varies for Di-1 film, “rom LOC to ¢ i and D, and feor D=2 film, frox
800 to 2.0¢° 4 and D, which amounis roughly ¢ Irom 32 to A0 K

The protosensitivity col-negative color films based on the uilization of

B

artificial light, fincandescent bulbs reacres, for

value Srom 00 to 12507 H and D, roughly from 3C 45 °C

Develommen: of Yegative Materials and its Influence on the “xposure Conditicns

‘me of the most imporiant stages in the formation of ihe photographic image Is
vrhe development ol the latent image which arises as a result of
ation in tre atate of the develcrer or the con
distinct iInfluence on the basic exponom
rials used, on <heir pholcsensitin heir o: 5 and treir photographic widih,
In tris ccnnection, in fractica; photographic work, on calculating the times
and conditions of exposure, it Is5 necessary ic iake acce cf the peculiarities
of the development and cf its influence on *he phcotesensitivity o he negative
material used.
The studies made at the All Union iesearch Institute for moticn picture
graphy by V.I.3heberstov, have confirmed the view that fine grain developers
borax, in comparison with the ordinary rapid acting metol-hydroquinone developers

with sodium carbonate, somewhat increase the photosensitivity of negative materials.

The fine grain developers with paraphenylenediamine, and a few others, strongly
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lower the photoserisitivity of the material and therefore require a marked increase
of the exposure time.

The work of S.M.Antonov, K.I.Markhilevich and others have also shown that de~
velopers of this type and certain other fine-grain developers somewhat increase the
photographic width of the negative material as well. Table 8 gives data on the
influence of certain of the most widely used fine-grain developers on the photo—
sensitivity of negative materials as compared with the usual metol-hydroquinone
developers.

deterrining the time and condition of exposure by the aid of exposure
these influences may be estimated from the resulis ¢’ ‘est exposures by
up on the calculator the ) t variable values ¢ the sensitivity

and filrs.

“ffect of Tertain Tine Train levelopers on osensitivier

-

ol llegative Materials by Comparison w Usual

sl-liwdroquincne Developers

‘vpe cl developer Trpical formila for develcper  Iffect on photosensitiviiy
kg ! g p 3
of negative material

Fine-grain metol Mevol Yarked increase of
developer !IKFI Sodium sulfite, anhydrous S photosensitivity, by as
formila Borax, crystallized mich 23 1.5 to 2 tirmes
Boric Acid
watler

Mean time of developmen: 12-20 min at 20°C

Type D-76 developer Metol Yarked increase of

Hydroquinone photosensitivity
Sodium sulfite, anhydrous

Borax, crystalligzed
Water to

Mean time of develomment 15-20 min at 20°C

7
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Type of developer

"Final" developer

Paraphenylenediamine Sodium sulfit
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(table continued)

Typical formla for developer

Metol

Hydroquinone

Sodium sulfite, anhydrous
Sodium citrate

Borax, crystallized
Potassium bromide

Sodium hexametaphosphate

, anydra-e

fine-grain developer Glycine

"itomal" developer

Developer with
sodium thiosulfate

Paraphenrlienediamine
Water

~

ean expcosure time 15-2C min at

3eta-otyethylorthoaminophencl
sulfate

Sodium sulfite, anhydrate 10C
sodium carbonate, anhydrate 1C
Potassium bromide e S
Sodium hexametaphosphate 1
water to 100C

=

Development time 8 to 18 min at

ing to type of negative mat

Metol 2.5
Sodium sulfite, anhydrate 25
Hydroquinone 1.25
Sodium bicarbonate 15
Sodium thiosulfate,

crystallized 0.5
VWater to 1000

Mean development time 20-25 min

72

Effect on photosensitivity
of negative material

Some increase in
pnotosensitivity

Paraphenylenediamine
developers lower the
protosensitivity of
negative materials and
therefore require an
exposure 1.7 to 2 times
as long

o
18-20 7

3

Somewhat lowers photosensi-
g tivity, and, according to
g type of rnegative material,
g requires 1.% % times
g longer exposure
[
ml

18°C (accord-
erial)

g Strongly reduces photosen-
g sitivity and requires 2 to
g 3 times as long exposures
g

g
ml

at 18-20°¢C
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DETERMINATION OF EXPOSURE TIME AXD CCNDITIONS BY THE MITHOD

OF TEST EXPUSURES

The determination of the time and conditions of exposure by the method of test
exposures is cldest and simplest method of finding the accurate exposure.

The simplicity and reliability of this methed, in spite of the fact that it
involves a considerable loss of time and cannot be carried out without certain
conditions and equipment, have made it generally used.

practice, the accurate exposure time is usuallw

single te XY re but o o ens i “nd sometimes more. with
deviation in their expesures we thus hisin 1 -er‘ain expogire ranfe giving e

necesshry tasis Uor a fudrement g to the extosire time and

photograph corresponding o

he XDOnOgrar.

metrcl ¢ exposure br tre aid of an exponceran

used wit metrod assures net only the determinaticon
of ihe necessary amount cf mination, b:t alsc makes it pessible to select the
optimur conditions of exposure on the basis ¢ an analysis =7 <he nepative ottained.
In praciice, tris method reduces down ¢ ¢ ining poncgrar, or exponomeiric
wedge, i.e. a series of pre~isely measured exposures, and the development of tre
negative under ccnditions most closely approacring the conditions of iis processing
in actual production. In cameras provided with a mechanisc that automatically
closes or opens the obturator, it is expedient to utilize such an automatic
obturator for the precise setting of the exposures obtained as a result of varying

the slit, i.e. the angle of opening of the obturator. Since when taking such an

exponogram, the brightness of the cbject photographed and the value of the relative

aperture both remain constant, the quantity of illumination received by one frame

or another is completely determined by the time of its exposure, i.e. by the angle

3
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of opening of the obturator.

The lenz must be stopped down in this case in such a way that the first frames
of the exponogram, corresponding tc the maximum angle of opening of the obturator,
shall be somewhat overexposed.

Since, when using the automatic device, the angle of opening of the obturator
during the time of exposure is varied continuously and uniformly, it is easy to
determine, for each given frame of the exponogram, the exact value of the exposure
corresponding ‘o it. To determine thre time during which some specilic frame was
actually exposed, it is necessary ‘o learn the number of this frame, starting from
+ne beginning of the stopping .lown, and tren, by ‘he Tcllowing formula, tc calcu-

late the conditions ol its exposure:

wrere L, = time of exposure of ‘he Irame; ~ mAXAITAT- Aan : e

obwurator a: the bdeginning of the expenogran; }'Zn The mumt re : counted
“rom the beginning of the stop-downi v - Irejuency = {nur frazes
per second); ey 7 o lempih o antomatis sbiurater cl.is:ire, expressing ine number of
darkening {rames,

Va onm ~la o
As an example ©

[T ical use ris fermil et us consider the follow-
ing case of the taking of an expecrogram. 4 camera wrose automatic shutter closure

lasted for &L {rames was used. The maximumw angle cf cpening ¢f the cttirator, i.e.

Tpax 175°, The number of frames per second v = 2i. The negative of the best

quality, and consequently also the optimum exposure conditions under these condi-
tions, correspond roughly to the 28th crame of the exponogram, counting from the

beginning to the obturator closing, i.e. Kn = 28. In this case the exposure time
of this particular frame, i.e. tpg, is equal to 175 x 28/360 x 24x64 = 1/112 sec,
and will be 1/2.28 the exposure with fully opened obturator. The results of this

experiment enable us exactly to find the obturator opening and stop that are

STAT
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necessary under these conditions.

When manual automatic motion picture cameras with a constant angle of obturator

opening are u he xposures are usually made by varying the effective

aperture of
USE ¢F TABLES ARD CALCULATCRS

The accumla‘ed axperience of many years has led to the appearance of tables
and graphs helping ‘c determine the correct exposure +ime under given conditionse.
In most cases “heir calculaticn is based on the exposure time found experimentallyr
for various ob'‘ects enumerated in the tables, which are prolograpred under definite
conditions.

In *tese -ables ‘he expcsure or correction factors correspo g *o speciflic
conditions of photograrhy, > ining tre influence on ihe exposure time of
following Taciors ic be taken ini: account are zalculated:

a) craracter of oblects protographed and its exposure indexes;

protosensitivity cf the negative material used;

relative aperture ci lens;

The fact that the illumination produced on ihe photographed cbjects by the
light of the cloudless sky and the sun for a given time and geographic point under
the same atmosphere conditions is practically constant was very impertant in work-
ing out such tables.

On this basis, tables were worked out in which the values of the illumination
produced by daylight for each day and hour is given with respect to the given

conditions.
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In some tables, to determine the exposure time corresponding to these or those
conditions of photography, it is necessary ‘o multiply a number of quantities deter-
mined by the influence of various factors. In most tables these quantities are
expressed logarithmically, and in these cases multiplication is replaced by the
easier operation of addition, after which the required exposure time is found in the
corresponding columns from the sum of the logarithms.

n connection with the fact that these calculations are in practice rather
burdensome and take nc small amount of time, devices built on the principle of the
slide mle have been co ced, and also in the form of various movable circular
scales matched with ‘he sciles ¢ mixed circles. Juch devices include the many
calculators which are produced -oday for the exposure time and conditions. In
zaleulating exposures on these instruments, ‘he principal exponomesric faclors ar
taken iInto account.

e fundamen=al Ta:lt of exposure *ables and caleu ors of this Lype i1s ire
abundance of factors *hat are hard to o -, and the replazement ol conszanis

wi 't arle factors which cannot be exactly

. spite of ‘he apparent exaciness oI these lables and calculators, and in

fact tha they have been compiled °n the basis ¢f numerous observa-

tions, the accuracy and reliability of treir resulis rust not be overestimated,

I+ rust also be borme in mind that the results of calculation can never be more
accurate than the initial data on which they are based. In the case under consid-

eration, many cf these data (classification of the photographed =bject, te of
the sky, conditions of illumination, etc) are determined arbiirarily, by eye. The
conclusion may be drawn from the above that the primary shortcoming of this method
of determining the time and condition of exposure is the subjectivity and indeter-

minacy of the evaluation of a number of the most important exponometric factors,

while many circumstances of the photograph that are important, and sometimes even

-~
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decisive, cannot be taken into account with necessary exactness.
GBJECTIVE LNXPUSURE MEASUREMENT

The Significance of Cbiective Methods of Determining the Time and Conditions

of posure

The practice o determining the time and conditions of exposure from tables,
or by the aid c¢f various photometers, was unable tc assure the necessary quality
and constancy c photographic results. The efforis ‘o senstruct instruments that

o provide ctliestive, nguantiiative estima o =re leatures

urination were there’cre entirely justi-

prcblem.

‘re appearan~te in 1732 Lt “irst moiel I exposure meters
mentallr new type, based on the phoioels 3 rinciy helped tc
recent methods o exposure measurement and
practice. The wiiespread use cof pnotceleciric
was substan‘ially Tacilitated by tne fact that the use of protccells ic measure
radiant energy besan with the very first ster of +ne studyr cf the prenomenon of
tre photo-effect by the mssian scientist, Professcr Jtoletov, and the technique of
‘he corresponding measurements had already been worked out in sufficient detail by
the time of their introduction intc the practice of motioﬁ—picture and still pho~
tographye.

The possibility of making measurements of the brightness or illumination of

the photographed object by the aid of precision instruments under any conditions,

and of obtaining the necessary quantitative characteristics of these quantities,

considerably facilitated the sclution of the problem of correct exposure.

77
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In the practice of photography, it first became possible, as a result of direct

measurement t t H o= . 9 =
nﬁs at the site, to solve the equation ! Elayer t, where Elayar
2
Bop * " * K not empirically, but with an accuracy that was entirely adequate

to assure the necessary quality of the results.

In the above equation, = = illurination of sensitive layer produced by the
correspending area of the optical immge; B,y equals brightness of object photograph-
ed, measured in the direction of the camera; v equals distance from rear nodal

point of the lens to the image plane in the camera; n = 7/d ecuals tre stop number,

i,a, the reciprocal

light loss in the cptical syster.

2l advantages o photoeleciric instruments, the objlectiviiy cf

tre measurements cbilained by U aild, :he :considerable censtancy of their total

and spectral itd and the clcseness ol trhat speciral sensitiviiy <o
the ere, all ured trese instruments ¢l tle widest introduc:
of photometiric measuremen<s.
In comnestion with the very small photographlc widilh, and :heﬂlbni:ed color

range of modern multi-layer 7ilms, the methods of oblective exposure measurement

rave acquired particularly great significance in tre practice ¢f color photograpry.

termination of Zxposure Zonditions by Means of Fhotoeleciric Insiruments

Fig.21 is a schematic diagram of photoeleciric light-meas:ring instruments.
These .nstruments consist primarily of a photocell with a selenium layer and a
direct-current electrical measuring system connected with it, consisting of a
needle ma;metoelectric ricrometer, The ranye and accuracy cf the measurements
made with them depend not only on the sensitivity of the rhotocell itself, but
also on the sensitivity of the electric mensuring device connected in the circuit,

In most instruments, depending on their function, the micrometer scales are
calibrated in absolute units of illumination, or brightness.

Instruments with scales calibrated in arbitrary un!ts are also used.

78
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In their simplest form, such instruments were designed to measure the i1lumina-
tion of the scene being photographed. The calculations of the exposure time and

conditions based on the measurement of the illumination, without allowing for the

peculiarities of the photographed object and for the conditions of the illumination

a) of the important elements of its subject,

led in many cases to serious mistakes in

determining the exposure.
instruments intended
~ness of ‘he pholo-
~ve so-called brighiness
mevers, Fig.?' repeati, on the whole, ile
scheme ¢l tnhe luxmeters, or light

~sure *he illumina-

a) lensitive surface c¢f photn

a)

narr diaphragms, planoconvex lenses, e

Since most exposure meters, i

provided witr a calculater, ar rased on the measurement

of the cblects photcgraphed, an indispensible condition Tor
satisfactory operatior of an exposure-ceter-brightness rmeter is a limitation of the
angular field to prevent outside rays, not originating in the object being photo-
graphed, from acting on the sensitive surface of the photocell.

Thus the minimum requirement determining the degres of limitation of the angu-~
lar fisld of the instrument is the equalization of this angle with the angular
field of the lens used.

In this case as well, however, it is still impossible to measure the brightness
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of objects of small areas, but which are often of essential importance for a given
subject, without bringing the exposure meter very cloass to the surface being meas-
ured. The exact measurement of the brightness of a certain area of the object photo-
graphed-ia thus replaced by the measurement merely of its mean integral brightness.
) Even in measurements of the brightness of

small areas of a texture surface, in spite

of the fact that we distinectly distinguish

/ its structure and the microfliashes and

\\ shadows characterizing it, the results of
—_5)
’d Sreth - - T3 e v s e mara
5uCnh Imeasurements llrew.se represen mere—-
Rasic .‘cheme of Photoeleciric
1y tre es:imate of a certain average
ightness Yeter designed to measure ‘he
brighiness.
o7 ~nhe ctlect photograrhed,
Tre deflection of the rdcrometer
a) Angular-field limi-er (lattice dia-

pointer are determined in trhis case nct
prragm with lens roster; b) Micronmete
4

by the =inirmm or maximum brighiness of
the obiects protograpned, or by the brightness of paris of the ‘rame important for
the subject, bu: br a very indeterminate muantity of the mean brighiness, W r. de-
pend on ‘he ratio of the areas occupied by details of various brightness in the ob-
Jecl.

Tris fac: may in many cases lead to substan-ial errors in determining the
time and conditions of exposure.

“e present the following cases from photographic practice as examples
iillustrate this propositicen.

In the first of these examples the object of the photograph is a brightly
i1luminating human figure occupying a relatively small part of the picture area
and placed against a dark, weakly illuminated background. The differences between
the brightness of the object and that of the background are very great. In the

second case, the same brightly illuminated figure is placed against a bright,

80
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illuminated background.

In measuring the brightness of scenes being photographed, using an exposure
meter, it is not only the rays reflected from the figure being taken that fall on
the sensitive surface of the photocell, but also the light rays reflected from all
other remaining elements of the subject having equal brightness. The pointer cf the
electric measuring device of the exposure meter will in this case indicate a certain
total mean brightness of the oblect of photography as a whole.

Tn these cases, with the same brightness of the figure, the toial cuantity of
luminous energy aciing on the photocell cf the exposire meter will be found to be
different.

T+ s+nis average total brightness ol the oblect protograpred is used as a base
cor the calculation of the necessary exposure conditions, then the exposure tice

will be, wiih respect tc tre main element of <re subiect, i.e. ‘o the human Jigure,

too nigh in the former case, and ine necative for this principal area, important

for <rhe sublect, will be overexposed. In the lat.er case, the difference of

ness between the ob'ect and the background Wil be small, and the exposure time

. 8
determined ‘rom the readings of the exposure xmeter, will be correct.

In ‘he ‘ormer case it will be possible ic avoid errors crly if the measure-
ments of tne brightness o’ tre corresponding elements of the chiect allow for ihe
angular field of the instrument, in the immediate proximity of the measured surface.
The exposure meter readings will be determined in this case br the actual brighi-

-~
H

he objlect, and

he act, he caleulation

ness of each of the measured areas ol ire sur-face of L th
of the exposure may be calculated in accordance with this brightness of the main
subject elements of the image.

This fact completely justifies the demand for a considerable reduction in the
angular field of brightness-exposure meters. But in spite of the obviocus expedi-
ence, the possibility of satisfying this demand is limited by the sensitivity of

the photocells and micrometers.




with a considerable limitation of the angular field of the instrument, the

quantity of light falling on the sensitive surface of the photocell decrsases.

This results in reducticn of the sensitivity of the instrument as a whole, and a

substantial increase in *he value of the minimum brightness that can still be meas-
ured.
Tn most exposure meters used in motion picture production and in still photog-

c : (<] c .
raphy, the angular field ranges from ‘0 te 7O, In some Instruments with a rectlan-

gular sensitive photozell surface, the angular Tield in
substantially from

“P-L expesure metler, T e TEET

a relativelyr

meas-—

is

+he acturately measurztle brighiness

used by amateurs. Tne sensitivity of
to measure the brigriness only for well illuminated coblects. .0 craracter-
ize these quantities practically, it must be pointed out thal these brighinesses
correspond to the brightness of the human face under illumination of 1000-1:00 lux,
whick is usual for motion-picture studio takes on black and white negative materi-
als. In still photography, the level of illumination of the objects is in most
cases considerably lower. In connection with this fact, the measurement of the
brightness of individual areas, like that of the objects as a whole, of many exist-
ing models of exposure-brightness meters today, in the practice of white and black

at the present time, in black-and-white motion picture photography in the studio,
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and in still photegraphy with artificial sources of light, is becoming more and
more difficult. This is explained by the fact that, with the introduction, into
commercial work, of the latest types of negative films produced by the U3SR motion-
picture film industry, with their extracrdinarily high sens

level of illumination of the scene being photographed has sharply fallen,

LIW In these cases, the measurement ofl
o

PaN .
/ FoAl the brighiness of the individual areas
o A

of the frare, with which the motion pic-
ture operator and s8till pholographer
rmist deal when using high-sensi

black-and-white negative raterials, is

actual praciice.
. using modern i

a density of

trat can be meas-
ured with mest of the expesire-brighiness
meters now in use mis: be not less than 300-300 apostilbs.

Since the possibility of using an instrument %c determine the conditions of
exposure at low illuminations of the objects depends on the lower boundary of sensi-
tivity, it follows that the\eff‘orts of designers have recently been directed to-
wards a substantial increase in the sensitivity of the exposure meters. Thus, in
the latest model of the USSR exposure meters EP-L, the lower boundary of the meas-

urement range of low brightness has been reduced to 50-100 apostilbs, which con-

siderably expands the possibility of using this instrument under the conditions of
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low illumination,
] The sensitivity of various photoelectric exposure meters in *he region of the
minimum measurable brightnesses may be evaluated comparatively f{rom the illumination
of the photocell that results in a point~
er deflection of s-me definite value, for
example 1 nmm.
. In this case, the comparative sensi-

o exposure meters may be calcu-

he formla 3 = d4/Z, where I =
instrument
e
<ion ¢f micrometer pointer {(in r);
illumination o: sensitive surlace
pheiocell, in lux, cor brightness cf
surface being measured {in apcstilbs
m of peinter deflection).
Tre wvalues of the illumination cI
individual elements of the cbject mar

fluciua‘te over a very wide range, ‘ro= a2

few tens cf lux up *to 100,000 lux and
Fig.3L. In the USSR EP-L Ixposure Meler,

more. The brightness of the objects may
“he Cap for Measuring the Zrightness of

vary even more widely. And yet the di-
the Objects Consists of an Cptical De-

mensions of the micrometer scale limi:
vice Composed of a Multi-Lens Grid and

the range of measurements that can be
a lioneycomd lLattice.

made, In this connection photoelectric
a) Illegible; b) Illumination; c) Bright-

exposure meters with two or more meas-
ness.

urement ranges are ordinarily used.
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Color Sensitivity

The successful use of various forms of photoelectric instruments in objective

photometry may be considered to ve assured only when brightnesses (or illuminations)

with equal, or at least with very similar, spectral characteristics are being com-

pared. In exposure measurémenis, alnngside of the ion of the brightness

Jlevel of the scene to be photographed, the correct evaluation of the measured bright—

ness becomes particularly important with respect to the actinic power of the light

reflected by the oblects, and its action on the sensitive layer ol the negative

material used. B
~re data on brighiness or illuminaticn 0f ire oblect obtained by tnre

the exposure meter provides nc 4irect basis for the analysis of the light

the judgement of iis spectiral cémoosi:ion. Tn connection with this it is

o determine the

meetl

such an exposure meler

T tie nepative materi

when this condition is satisfied that
atilized with sufficient confidence in
If ¢
the negative material, ¢ tre

tions of exposure.

The value of these corrections is determined by the color sensitivity of the

negative material, the character of the object photographed and the spectral com-

position of the illumination.
The spectral sensitivity of the photocells used in the practice of exposure

measurement, is close to the epectral sensitivity of the average human eye. The

1043R000900020001
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curves of spectral sensitivity of even the best modern panchromatic negative materi-
2lsy in spite oI the substantial irprovement in their quality, still dif
curve of the spectral sensitivity of the eye.

From a comparison of the data on the values of the relative spectral sensitivi-
Ly of the human eye and tne selenium photocell it is clear that the relative sensi—
tivity of the photocell in the region of the violet:, blue, blue-greer and orange-red

zones of the spectrum considerably exceeds the valiue of the relative sensitivity of

average panchro-
correspond-
ence with the spectral I panchromati- ma i jojel iably surpass

mmal

wavelength
the relative sensitivi
the protocell and panchromatic nega‘ive material

at 520 millimicrons (green), .5, 27 and

k!
ani 27 respectivelr.
“rom a comparison of these values the conclusion s v be drawn ¢ photocells
a selenium laver have a spectral sensitivity which on the whole assures the
possibility of <heir successful use in expcsure measurements,

The resulis of measurements made by their aid prove to be incomparably more

accurate than the results of the most careful visual estimates of the illumination

or brightness of photographed objects. The data on the time and conditions of

exposure obtained on the basis of this measurements do not in practice differ
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lelative Spectral Sensitivity of Receivers of Radiant inergy, (in percent)

Wavelength in
millimicrons

Human eye

Ultra-viol~t

Slue-green
Sreen

vellow-green

Zellow

Orange

Dark red

Invisible
rays

Infra-red

—_—
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Selenium
photocell
(mean data)

Panchromatic
negative material
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W 500 600
d)
Fig.35. Relative Upectral Sensitivity of Jelenium Photocell, Panchromatic
llegative lMaterial (Mean data) and ‘mman Fye, (in %)
a) Panchromatic negative material; b) Selemium photocell; ¢) luman eye;

d) Wavelength in millimicrons.
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substantially from the exact values of the exposure necessary under these or those
taking conditions. The estimates made by the eye with the aid of visual methods,
however, 3 nitd W h pectral composition of the illumina-
tion that the possibility of cbtaining any sort of stable and constantly high grade
photographic results by their aid may be considered excluded.

T4 must be noted that the human eye, in spite of all its inherent shoricomings,

critericn for evaluating the naturalness ¢l the plotographic

reproduction ¢f tones. For this reason one of in ipal 2 - . nega‘tive

material for tlack and white rhotegrapny must meel

materials
values must ultimately be corrected accordingly. ¥ necessary

cor photographs eon orthcchroma‘is plates, since 1ing the valu

of +he expos:re by means of a protoelectric instrument are inadmissitly high when

trey are used, owing to the differences of their spectral sensitivi

“hen ordinary panchromatic negative film is used, these deviations are con-

siderably smaller, and under the conditions of natural illumination they increase

only in taking objecté illuminated by the light of the blue sky (without direct

sunlight).

For this reason, for the acecurate determination of the exposure it is necessary

89
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to allow for the variation in the sensitivity of the films or plates used as a re-

sult of the fluctuations in the spectral composition of the illumination. Under the
illumination conditions of interest to us, the sensitivity of the negative materials

be found by means of test exposures, and these data used as the basis of
an exposure calculation by the ald of the calculator.

Tre Coviet motion picture film indusirr has achleved conmsiderable successes in
producing high-sensitivity ¢ mati egative erulsions wiiclh in their spectiral
sensitivisr are rather ¢ 3 { the uman eye.
ven ‘odayr, in i le improvement
znler pheiog-

lready serve as

exposure meters.,

Variations Temper

crerefore o th

o ol wilh in : vemperature "he

declines. ’‘inder ordinarr ~emperature condiii: ris decline
generated. by the photocell reanhes C.2-0,37 ch degree cof temperature increase.
. . : s N - A9 .
“hen the iLemperature is furiher increased “c LO-50 7, the decrease in the photo-
—urrent is appreciably accelerated. IWhen the temperature decreases, the photocur~
rent increases.
N : (4
Research has shown that the photocurrent reaches its maximum when the tempera-
o :

ture is reduced to 2-6 C. On further lowering of the temperature, the increment of

photocurrents markedly decreases, ¥ithin the limits of small temperature fluctu-
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of tiis factor on the results of exposure measurements
be ¥ lec " a conaiderable increase of temperature, however, as cccurs,
or example, in the (entral Asian republics, the influence of the temperature factor
increases so considerably that it is necessary to apply 2 correction factor in de-
termining the exposure.

} 2tri ure mel at ratures of the
The prolonged siorage of a photcelectric exposure meter al tlempera v

-h

= =02 appreciatly lowers the s ivi 1strument. AN exposure
o C appreciab lower

3
~e-er should therefcre not be exposed

Constancy of sxposure Meter Headings

constancy of

ely the

measurement res‘l:i:s owi
o7 fatigue derend : 11y the ir ! | lumination to
sizive surface of the photocell was exposed. M :& vne photocell of the instru-
.33 been exposcd to briefl illuminations t1e order of 1000-5000 lux, which
are usual in the practice of black and white and colcr takes in the motion picture
studio, these inaccuracies do not exceed 2 to 67, but at higher illuminations they
reach a few tens of percent.

In measuring low illuminations, therefore, the constancy of operation of the

the re rements o sure measurementss
qlli ements ol expo
p}otoce]l may be considered to meet
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At higher levels of illumination, preolonged illumination of the sensitive surface of
the photocell must be avoided in every way. In case of the measurement of high
brightnesses, the phenomenon of fatigue must likewise be taken in%to account., In
checking the brightness of sources of illumination and the measurements made under
conditions of very high illumination, neutral pray filters should therefore be
placed in front of the photocell of the inslrument,

ke photccell,
some Tor this reasocn,
in trpe ! AN exposure

order wien, ‘e pointer of

Ty PN,
mination

an exposure meter aperating und
the constancy of iis action

In spite of the =hig

sure meters, their technical state and the accuracy of the measuremeni results

obtained by iheir aid musti be regularly checkel 'inder the conditions of motion piec-

ture production.

Checking the Operation of Ixposure M.ters

A vwericdic check of exposure meters, and above all, of instruments used to run

parallel tapes on film, must assure the necessary uniformity of the results obtained

92




with them. At the present time a technique o tests has been developed in the sys-
tem of motion piecture photography, and installations for checking all the principal
parameters of exposure meter operation are installed at some studios of the USSE.
requently, even awnong new exposure rmeters that have not yet been used, consid-
erable discrepancies in the readings are often observed, reaching 307 and even more.
These discrepancies are connected with the nemuniformity of the characteristics of
seleniun photocells. en new instruments ich have not been Leésted and are not
provided with technical test certificates, rmist therefore be subjectled to corpara-

tive control testis.

an exposure meter prove lc be
for short expeditions, fartory resul are given by ire
e measurerent cf

northerm part tie clear sky, in the

cloudless weather,

w:ltaneously with

of the sky is measured, h 1] s measurement

estimating the resulis o e subsequent ccnirol measurements.

3
During the measurement -lhe exposure me.er is pointed towards the

N . O N
of the sky at an angle ol LS~ to the horizon.

I+ must be borne in mind ithat the presence of even

stantially affect the results of the measurement,

4 is therefore desirable to make test measurements under conditions approach-~
ing those of the original control measurements,
Experience has shown that in cases when the control measurements of the bright-

of the sky differ from the initial value by not more than 25%, the accuracy of

<
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the instrument readings may be considered to satis{y the requirements of practical
the open air.
An exposure meter may also be tested by comparing its readings with those of an
instrument known to be in good condition and verified. I the sensitivity of the
photoelectric exposure meter teing tested has changed, then on the tasis o

of such comparison, a table of the corresponding corrections may be compiled.

The Use of Photcelectiric

‘me of tnhe Important
ination ol exposures
negatives on developing ma:c

pratogTaphic ne

of exposure of each
e advisabil:
atives
dependent on
artistic and mimetic solution
The necessity of a4 Lrang
to
the purely technical demands
union of image and sound-track on a single film.
Since the standard processing of “he sound track is a necessary condition for
the high quality of the sound, it follows that when image and sound are joined in
a single positive, the negative and positive images cannot be developed to a ran-

dom density determined by eye.

Yhen the constant regime of processing motion-picture negatives and developing

U




Gz e

still photographic negatives by time is observed, significant deviations of the
conditions of development Irom the established norms proved impossible and therefore
the requirements for the accuracy of exposure of each individual negative must sharp-
ly increase. The existence, at the same time, of various types of actinometers,
photometers, and similar instruments for determining exposure, owing to the funda-
mental shortcomings o heir design, could not assure the necessary constancy cf ithe
results obtained by their aid,

In 103 H C ever, designed ¢
measure > 3 e Tre rela-
tively sz
conditions o natural illumina n whs explained by tre

the negative materials, by the relatively 1imited brightness interval ol most pnolo-

E

oblects, and principally, by the low demands on tre racy of

exposure
measurerents thai were made by photograpnic practice. ¥ e purrose ol deter-—
mining exposure, and all the rmore for tve control of tre aifusiment of iljuminaiion
in the motion picture studic, the technigue d uring the integral
cannot be considered satisfactory.

The reservation musit be made that, in individual cnses,
method of measuring the integral brighiness mar give sa*isfactory good resulls.
However, in cases when the interval of brighiness of the object and iils contrast of
i1lumination are great, attempt to determine the time and conditions of exposure by
measuring the integral brightness lead to unsatisfactory resulis.

The methods of determining exposure based on measurements of the brightness of
individual elements of the object to be taken are considerably more advanced, In
motion picture work, in combination with the results obtained in control measure-

ments of the textures, and study of standard developed exponometric wedges (expono-

grams), the use of this techmique assures not only the accurate establishment of the

STAT
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optirmum conditions of exposure, but also the possibility of a determination by
preliminary calculation of the total densities of the individual parts oI the nega-
tive.

Since, in work in the motion picture studioc, the operator, by varying the
position and power of the sources of light, has every opportunity to regulate the
illumination of individual areas of the cbject, and as a result alsc the contrast

oI the object, the problem of determining the value of the exposure in studio work
must be solved in a fundamentally different
necessary Lo bear

Fraph taken in the

illuzmination of the

“nder ordinary

<l

ermination of the necessary brightness and value
task, taking much time, ani cannot be carried
motion picture take. (ther metithods are therefore used in

practical work.

The Method of Measuring the Variation of the least Bright Zlement of the Cbiect

to be Taken
In working by this method the brightnesas of the darkest area of the object is
measured, In accordance with the minimum brightness so determined, the necessary

calculation of the exposure can be performed, or the time and conditions of exposure
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for a given negative material may be established by the aid of the caleulatore When
Lthe measurements are accurate and the calculations are correct, the value of the
exposure so determined will be equal to the minimum value of the exposure that is
correct under the given conditions of illumination and with the given character of
the object. Since the density of the shadows under these conditions of exposure
will correspond to the densities ol the lower r+ of the characteristic curve, de-
termined witl allowance for the wvalue of the minirum useful gradient, it follows

+he details in the shadows will show up well, and their brightness will be
proportionally reproduced on the negatives.
picture and e interval of illuzmi irn © = ipage are nct great, a the
value cf the maxizum correct i correspon > e brigriness ¢l tre brighi-
est sections cof -he oblect o beyond - -7 +re use™l interval of
exposures, -hen the details in tre nigh o wil = corr + reproduced.

men these conditions ¢ . L * © <re negative cbtained as
a result o expesure and develcpment, and correspcndin ~ W i S maxiraim

“ne oblest, will noﬂ go beyord tre boundaries

density of the sensilive material emplcoyed.

in establisning +tre illumination of the moticn pleture decor on, <he use of
ihig method assures the good reproduction of desails in the shadows of the odbjecls,
and of the half tones and high lights for the overwrelming majoritr of objectis
photographed.

The upper 1iz=it of brightiness allowable in such cases is reached comparatively
rarely in praciice, since for most subjects the value of the interval of brightness
of the object and of the negative densities corresponding tc it are less than the
useful photographic width of modern negative materials, determined with allowance
for the value of the minimum useful gradient in the upper and lower portions of the
characteristic curve., An exception may be strongly flashing surfaces and sources

of illumination in the frame, the densities of which, in the negative, go beyond

97
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4

the limits of the working densities.

The importance of the exact determination of the minimum correct exposure is
very great. In addition to the obvious economic and productive significance of the
use of the smallest possible number of illuminating devices during takes in the

motion picture studio, and of the smallest pessible number of the personnel serving

those sources of light, the exact determination of the minimum correct exposure

cases of
a large number of small details, in cen-
nection wiih the considerable scattering o light in the emulsion layer,
tor and protographer cften have occasion to limit, to the maxdrum extent,
tity of illumination of the sensitive layer, and to work at relativelyr low densities
of negalive blackening.
In these ‘-ases ‘he unconditional

-

and the time of exposure tc the value

pensable condition Tor obtaining results
minizmur negative density
responding to the minimom
c-rrect exposure, then tre proportionality of coniras:t reproduction in the shadows
£ the obfect will be img
The method of measuring the least bright clement of the sublect and of estab-
ishing th T coniitions ol exposure by determining the value of ‘he mini-
mun brighiness is the most rational from the point of view of economy of light, znd
completely assures the production of negatives with the necessary and sufficient
densities,

In cases where the brightness of the brightest element of the subject is lower
than the limiting brightness that can be correctly reproduced, the general density
level of the negative may be raised by lengthening the exposure to the extent at

which the brightness of the brightest area of the object, and the densities corre-
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sponding to it, will not go beyond the limits of the useful interval of densities.
The measurement of the brightness of the individual areas of the object to be
taken must allow for the angular field of the instrument, in immediate proximity to

the measured surface. For most modern exposure meters having an angular field of

. .0
L5-60", the measurement must be made at a distance not exceeding the width of the

< = Tn this case one should be sure that uniform
and uniformly illuminate the area to be measured are within <the

the angular field.

lfetrod of Measuring the Brightness of 3 Standard white Surface

In view of the impossibility of accurate measuring <he brightness ¢f small
areas of the objecis photographed, and likewise of the difficulty of measuring
rrighinesses of areas with low zoefficients of reflection, a

that of measuring <he brightness of a standard white surface, set
trhe area of the oblect for which the exposure is being determined, or tre 1
Tris method is successfully

its brightness by calculation with the 2id of the exposure meter, under the con-

tions of a nigher illumination, the brightness of a surface, analogous in coating
and texture to the area of the surface, is measured. Tren, under the same illumina-
tion conditions, the brightness of a sheet of white paper placed on the surface is
measured.

The ratio of the brightness values obtained as a result of these measurements
determines the ratio of the coefficient of reflection of the surfaces of the meas~
ured object and the white paper.

The paper is then placed on the dark and only faintly illuminated section of
the object whose brightness could not be measured directly and its brightnes s

again measured. By dividing ‘he brightness of the white paper so obtained by the

— T
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ratio of the ccefficients of reflection of the surfaces of the measured part of the
object of photography and that of the paper, we obtain the required value of the
brightness of the dark area with which we are concerned.

Knowing the approximate values of the coefficients of reflection of the stand-
ard white surfaces, and of the corresponding area cof the surface of the objects
photograpred, and using the method of substitution, we may easily establish the
value of their brightness,

This meihod may be supplemented by using a selection of textures and coatings
of the decorations used in taking the film, the btrightness of which mist be measured
under the same illumination conditions in which <here is an area cof the photographed
obiects that Is analogous in its makeup. Under ihe same condizions ihre brightness
of the white reference standard Is also measured.

1tness ol one coatin texiures or another,

Texture under examination.

. white barwiz sur? p Z dard for these measurements.
1683 of Lhe surfaces being taken, obl
ment, may be directly utilized in calculating ‘he exposure by the well-known formu-
las.
These same data may also be used as the basis for determining the exposure

conditions or for setiing ‘he remuired level of illumination for each of the tex-
tures used, by means of photographing the exponogram.

It nust te noted that the method of measuring the brightness of a white refer-
ence standard is essentially a method of indirect measurement of the illumination
of the given surface, since the brightness of a standard white surface of a refer-

ence standard that diffusely scatters light depends only on its illumination. In

making these measurements, the exposure meter is set up at an angle to the white
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baryta surface of the reference standard, whose dimensions have been determined

allowing for the angular field of the instrument and exclude the incidence of out-

side light rays on the sensitive surface of the photocell.

Method of Measuring the Brightest Element of the Object Taken

The attachment of the white reference standard to the exposure meter should
assure its easy replacement by texture specimens.
VVVVV g 3 >} under v illumination,
for ile sublect is very and cannot
exposure meter, where it is inconvenient, or, for some reascn,
use the metrcd of substii
the brightest elen
exposure on e measurerent of
the oblect taken the ccrrest reproduction of the
brightness and details of which is essential. e maximurm correct exposure so
found will respo ne densities of ‘he upper segment cof <he characteristic
curve. 1n this case i7 ntrasis will be reproduced in ceorrezi proporiion, to-
gether wiin all the ver ar n ©s, whose bri ss is not less than
1/L of <re value of th Lt 3 elerent ¢f <he sublieci, where
L equals the useful

of modemn

~

“re darkest areas ol the

he larer may be
ightest elements.
For color pictures, in connection with the relatively small protographic width,
and the small color range of multi-layer films, this ratio will be considerably
smaller. The use of this method of determining the exposure completely assures
the correct reproduction of the details in the high lights of the object. In cases

of very great brightness interval of the object being photographed and the use of
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negative material with a small photographic width, the proporticnality of the repro-
duction of Lhe conirasts and details in ihe shadows way be lmpuaired.

It is important to bear in mind that, when using this method, the sources of
illumination in the frame, for example, lamps, chandeliers, etc, must not be meas-
ured as the brightest element.

From the point of view of economy of light, the method of measuring the bright-
est element of the subject is an irrational production meirlod and leads %o the pro-

ion of negatives of elevated

The use of this method makes it possible to use exposure meters ol

for the measurements.
5 requ
sure may be determined
elements ol the

sadvantage of

nurber of measurerents.

Measurement of N ightness of the Main Jement c¢f the (blectis ol Impcriance

~ eference to the Jubject

of Zetermining the exposure, in orde

usually supplemented by measuring itk ¥ of the rmain area

- N

ing sublfect importance, The oblect of measurement in these cases +re brighiness
of “he face of the principal personage of the scene being taken. rary cases, the
peculiarities of %he construction of the motion picture set, arising in connection

with the montage solution of the film, force the operator to maintain a certain

constancy of the density of the face of each given personage in all thre frames of a

subject-montage composition, maintaining the constant character of the illumination

of the scene. This requirement cannot be extended to all ~ases of motion picture

STAT




Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-01043R000900020001 5

practice. Thus, for example, in special effects, the illumination in taking sil-
houette or semi-silhouette images, it is no longer expedient Lo maintain constant
density of the face by comparison with the other scenes.

To assure constant negative density of the subject-important elements of the
image in a motion picture take, ii is neceasary strictly to maintain and control th
constant brighiness and constant brightness ratics of the principal areas of the
obiect taken.

In connection wit!
vidual sufficiently small

he successful u o whis metho: termining expeosure

lfgriness of

faces -

illumination are small. Ir nigh o sty of 4 ien, however,
the accuracy of the measurement of th ri individual details i olor
shots in the moving picture
Lhat

photographed or another are determined not only by the illumination, but alse by

the peculiarities of the reflection of 1light by them, and may be composed, in the

most varied combinations, of diffuse and directional reflection.
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In cases of diffuse deflection, the brightness of a surface reflecting light,

obeying lLambert's law, will be the same in all directions, and

the directional reflection is either predominant or of considerable value, the

readings of the exposure meter will fluctuate over a wide range even for the most

insignificant variations of the position of the instrument {(with respect to the

measured area of the objects taken) which may lead to substantial errors, Yeasure-
of brightness must be made at the same angle al wh it is "seen™ br th

sur’ace of the camera lens.

tial shortcoming.

Measurements of

methed of measur
taken, = making conircl
of ke spatial illumination, has been w
means of lux-1i vith scales
by =eans of exposure meters provided with special attachments
methed of measuring tre illumination is used in exposure measurement in practica
exposure measurementis, which 1s u 11y based on the
ness of the object, certain modifications rust be made in exposure measurement
practice, which is usually based on the determination of the objects brighiness.

It mist be borne in mind that for textures possessing a considerable direction-

al reflection, and for a flashing surface, measurements of illumination cannot

provide an adequate basis for estimating the brightness of these objects, and is

therefore little applicable,




In connection with this, the data on the illumination obtained as a result of

measurements cannot serve as a direct basis for determining the value of the illumi-

nation produced on the sensitive layer by the optical images of the object taken.

The use of a method of illumination
measurement must therefore be preceded by
a preliminary study of the textures and
coatings used in tre shop. The appropri-
ate test exposures
nometric wedges rust be taken. A stu

117 =make it pos-

the urper and lower

$ <re scene being

respect to the assigned imita-
tive effect, 10 the textures, and lc ithe

materials

the meithod of meas—
urement and th . ascuracy cf the re-
sults, even at very 1
mnkes this method entire

. productive conditiens.
P-4 Exposure Meter wiilh y

PUN . fmme The meihod of measuring illuming
Attachment for Measuring Illumination

becomes particularly in constructing the
a) Low brightness; b) Illumination; :

illumination of the scene being taken.
¢) Brightness

By determining, with the aid of test
exposures, the necessary quantitative characteristics of the illumination of the

principal textures and coverings used, the operator is enabled to establish the

necessary and sufficient illimination level of the main and secondary elements of
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the objects.

The use of an exposure meter for measuring illumination very greatly facili-
tates the operator's work in establishing the illumination in taking panoramas, or
the passage of the actors and objects moving along the most complicated paths. By
means of such measurement it is possible to establish the necessary illumination o-
ver the entire path of the object and to establish in advance the entire illumina-
tion setup, which helps substantially to speed up the shooting process.

In usual cases of measuring the illumination, an exposure meter provided with
a special attachment is set up in the immediate proximity of the corresponding area
of the obiect taken and is pointed towards i} . N of illumination.

n connection with the very great angular Tiel a used for measuring
+he illumination, the exposure meler automati ally allows (o e : exerted
o n : 2 1 of illuminaticn of the oblects taken byr

Toreground remisphere (

of addi: 1

so determined, are used as the tasis for the determination of the “ime and condi-

tions of exposure.
In shots under the conditions of natural Illumi: i an open place, the
illuminations on the object taken and in the camera coincide. Tor +ris reason
measurements o illumination in open-air shots may frequently be zmade directly
beside the camera.
In the reproduc
of the illumination of the scene taken, it is in many cases necessary to determine
exactly not only the maximum illumination but also the minimum illumination that
can still bring out the details in the shadows of the object as required.

In such cases the measurements of the illumination of the scene make it possi-

ble rapidly and accurately to control the contrasts of illumination and to fix the
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necessary constancy cf the character of the illumination of all frames of the epi-
sode being filmed. For this reason, in motion-picture studio work, besides the
level of illumination of the main objects, it is also necessary carefully tc control
the illumination of the backgrcund elements. In cases where the figures of the
actors move in the space of decorations, it is necessary ‘o measure the level of

spatial illumination as well,

Use cf Exposure Meters in Color Shots

3ince even insignificant devi £ilms substantial-
T4 -

and cal-

culation shall be accurately and carefully - Tre limit expcsure for
most subiects of color shots is very low.
e exposure i termined with an accuracy

e valie of the effective H it} ¢ division of the normal

important conditions of correct color reproduction
complete utilization possible of ithe region of normal expesures for all
of the color Iilm.
raxizme brighiness of the oblects whose coler rust correstly reproduced om
protograph or on the screen,
At excessive intervals of brightness, exceeding the widih and ihe color range

of the film, and also wiih incorrect determination of the minimum and maximur bright-

ness of the object, distortions of the colcr reproduction, adversely afflecting the

quality of the picture, result from local underexposures and overexposures. Tris

can be avoided only by the most careful control of the conirast of illumination and
brightness of all elements of the object by means of an exposure meter.
This work must precede the establishment by means of test exposures of the

exact values of the minimum and maximum brightness for the principal color textures
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used in the shop. This is particularly important in connection with the fact that

in working on rulti-layer negative materials, the conditions of illumination and

exposure must be determined with full allowance for the color tonality and texture

of the objects being taken and for all the psculiarities of their reproduction on
color film.

The practical importance of the exact establishment of these values for the
correct repreduction ol the color tone ¢f the human face in the picture is exception-
ally great.

In determining the time and sonditions of exposure by the exposure meter cal-

~

~ the praciical establishment

nsideralle

alrealdr duri

Lhe spectiral character-
rmination of the necessary exposure time
o means of the - is di " i tal : color tegraphy. It

+ ~

is trerefore necessary Lo apply ceriain torreclions quality of the

color reproduction in amateur photography under the conditions of exposure deter-
mined by measurement! ol the integral brighiness. The exact value cf these correc—

tions can be established by means cf iest exposures.

In taking brig subjects illuminated by the sun with brightly colored details,

STAT




Sanitized Copy A| oed for Rlease 2010/09/03 : CIA. RDP&1 0104R000900020001 5

the index of sensitivity of the film in GOST units must be set up on the calculator
sensitivity of the color £ilm being

of the instrumen! in accordance with the a

used,

But in cases with a predominance of darker objects, the index of sensitivity

rust be reduced and taken as equal to about half its original value %o assure the

quality of their color repreduction.

Tacilitate the correct reproduction of dark or very dark painted objectis,
reduced even more.

sensitivity of the

vercast weat

ciness

verts great

ERER

e opartial

ence of development and ceriail
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I

In connection with this, the high accuracy of the data on brightness cr illumi-
nation of the objects taken, obtained as a result of expcsure meter measurements, is
combined in the calculations with values that are merely approximate and very in-
accurately characterize the sensitivity of the plates and films used.

For this reason, it is expedient in practical work, by means of test exposures

with the aid of an exposure meter, to establish the exac* value of the sensitivity

of the negative materinls ised. For the successful conduct of these test
it is necessary:

1Y To me:
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five negatives

is greater or less than the initial value of the exposure.

on it by exposure

differences in the exposure conditions of these
which in most

The greatest
of 4 to 1, and will cover an interval of exposures
sensitivity of

will have a ratic
cases will assure the exact establishment of the value of the actual

trhe film as well

Taking intc consideration

as the testing ol the exposure meler,
<he fact that the quantities expressing the sensi-

the relative practical sensitivity

cor mmltiply tre criginal value

corren

ciapiter AF
“ivity of

laborate

neratory of

protoprapty

ovriel photo
able instruments a large exposure meter of studic type was also p:t

for phrotomeiry ¢ complex combined lrames.
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Tn the following years, alongside of varions experimental models, the type =ZP-3

of the NIKFI-MKIP exposure meter, and the FF-. exposure meter, which is now being

produced by the 3oviet mot ion picture machine industry, were developed.

The ®P-4 EIxposure Meter

The exposure meter of s pe i aniversal instrument Tor measuring thre
brightness, together with 11 lumi * -he objiect being taken. It consists
movable pari
the instrazent,
lower pari, which conie

exposure calll

sve ertrante srert

trisiiness

~ a lens raster ant

a single mounting (cf. Tig.? g this attachment,

0 U . ot 3ed i th
the instrument equals 427. or rmeasuring illuminatiorn 18 provided with

a ground glass. low brightness values of the order of LO apcstilbs are measured

with a fully opened diapnrragnm, without a cap. The angular field of the instrument
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is bounded in this case by the entrance aperture the compartment and amounts to
about 1000.

The cap used at the time of measurement is set in front of the entrance aper-
ture of the photocell compartiment. In measuring low brightness values, both caps
are placed at the sides of the exposure meter, by opening ‘he aperture of the com-
partment (Fig.37). The mountings of both caps are held in the base positions by
means of lockin which i3 released by a special lever placed on the side of
the

rrovided wit)l 3 mechanism for chrecking th

.

vie pointer o rezsirenent,

measurerents, the

ingtrament

readings of

sorresponiing Lo the

asurement of U exposure meter is very pgreat ani ¢ 1z = ol +te
brightness or illumination that are met in the prastize of : > meticn piclure
protography.

The calculator cf “he exposure me-er has iwo movable <i E one fixed
or which the values of the relative lens apertures are entered within the range of
1:1.0 to 1:45, and also three pointers corresponding itc the respective cases of

exposures with measurement of illumination and measurements of small and great

brightness (Fig.3g).
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On the middle movable disc of the calculalor, Lhe expusures from 1/3000 sec
to 2 min are entered. The indicator on this disc is matched with one of the divi-

sions of the scale of sensitivity characterizing the photosensitivity of the

©ig,37. The HP-l Txposure Meler,

values, the Caps for Veasuring Brighiness and
3ides of the Instrumen: by (pening ine {penings
he Frotocell Compariment

a) Low brightness; b) Illumination; c)Brightness; 4) ®57T

negative materials used in GOST units. On the lower disc of the calculator there

ijs likewise a scale of light values ranging from 0.25 to 2000 arbitrary units.

nditions of exposure made by the aid of the

The calculation of the time and co
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caleulater of the EP-4 exposure meter assures a density of the human face equal to

«9 on the negative image when using a negative material of the given sensitivity,
when this is developed to y = O.7. This caleculation is based on the results of the
measurement of the illumination of the object taken. - The coefficient of reflection

of the face here is taken as 0.3, The scale of relative apertures of the calculator

PR Laer
L& Ceellaclent

Tor the proper determination of the exposure time and lens stop by the aid o
the calculator, one must:
1) Measure the brightness or illumination of the object taken and mltiply

the value so obtained by the factor corresponding to the position of the diaphragm.

2) Match the pointer of the middle disc with the corresponding division of
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in

am

the scale of sensitivities of the negative raterials used, expressed in GCST units.
3) In case of the measurement of the brightness of the object taken, place
the pointer to "brightness™ or ™"low brightness" and in reasurements of the illumina-
tion the indicator "illumination" on the upper disc with the corresponding division
of the scale of light values.
L) Head off, on the scale of exposures of the middle disc, the exposure time,
expressed in seconds or fractivns of a second, which is opposite the corresponding

ixed disc of <re calcula-

As already
necessary *c take into

used when z:ilized under

e :sel.

ERS

\inprai photcelesiric exposure meter makes

. : (¢} P .
instrument is £C . To limit the light

photocell, a shutter with two ‘openings may be placed in the compartment >I the

£ the photocell surface,

instrument. The use of this shutter, which covers a p o

reduces the amount of light falling on it by a factor of LO, and considerably widen

the range of measurements.

Fig.39 gives a general view of this exposure meter. On the lower tocthed disc

of the calculator, in red and black, two scales of lens stops are placed, one of
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which is covered by a fixed sector. When the disc is turned, the scales exchange

places and simultaneously automatically open or close the shutter. In cases of

low brightness of the object taken and of low illumination, the exposure time is
calculated on “he red scale of lens stops and, using the red pointer. ‘hen the

trightness or illumination of thre objects taken is considerable, the black scale

fam T
s

The leningrad Type Yu-1ll Ixposure Meter in

and the corresponding black pointer is used instead. Cn the upper disc of the
calculator are placed the exposuare times from 1/1000 to 60 sec and a scale of the
photosensitivity values of the negative materials used, expressed in GO3T units.
Cn this same disc there is also a special index pointer corresponding to the expo-

surz time for mection picture photography at a rale of 16 {rames per second and an
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obturator opening of 170-180°,
The micrometer scaie is calibrated in relative units from 1 to 8. The approx-
imate values of the brightness, or illumination, corresponding to the divisions of

this scale, are given in Table 10.

Table 10
Brightness or Illumination lorresponding

"] aningrad? yrmosure

Leningra

32,000
£7,000
13C,000

250,000

“rer +his exposure meter 1s used as 2 determining
necessar~ exposure time one musi:
Yatch with the index pointer the division of the szale correspondin
the photosensitivity of -ative material used.
the instrument at the obfect Lo be taken and rotate the disc of tre
caloulator until the black indes of the lower disc is matched with the division of

the micrometer scale corresponding to the deflection of the pointer. If with closed

shutter the deflection of the micrometer pointer does not exceed.two scale divi-
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sions, the calculator disc must be turned until the red

with the corresponding division oI ihe scais. In cases of nigh

obiect taken, however, when the micrometer pointer goes beyond the limits of this
scale, the calculator disc must be turned in such a way ‘hat the black index is

brought within the limits of the scale, and the shutter is closed.

3) Against the corresponding position of the scale of relative apertures,

read off the required exposure time expressed in seccnds and {ractions of a second
£.40).
» the aid of <his instrument, the exposure time zar also be deter—ine
67 the obiects taken., TFor measuring the :1lumination, 2 special
Y milk glass is used, which Tits easilr intc ihe cpening of the photocell
compariment. [he exposure time I ] :lated in tre swme wny as in th

e bri

nowever,
“ne exposure time should

In using this exposure meter it Is expedi
positions of the micrometer needle,

T- is cbvious that to make {5 check it is v Ary T telr tc exclude
tre admission of 12 I D urian re p c s s case Llthe
pointer should coincide with the zers mark . I7 it does nct do so, it
should be matched with the zero diwvision of the scale by means of the regulating

screw in the body of the instrument.

The Exposure Meter of the "Kiev JII* Camera

The minature cameras Kiev III produced by Soviet industry are equipped with a

photoelectric exposure meter mounted in the upper par> of the camera. Figs.41 and
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4,2 show a general view and a diagram of this exposure meter. The knurled ring to
the left of the exposure mester is directly connected with the slide contact of a
small rheostat inside the instrument. ‘hen this ring is rotated, a larger or small-
er additional resistance is introduced in the circuit of the current generated by

the photocell., The needle o the micrometer, which is deflected under the influence

grad Ixposure Yecer with Cap for IZlumination

Yeasurements

g on the photocell, reflected Irom the obiect o be taken, is
al position and is matched with ihe lozenge shaped sign
on the scale. If the photocell of the exposure meter is sublec<ed o the action of
a higher brightness and thereby the photocurrent is increased, it is necessary to
introduce more resistance into the circuit in order te retumn the needle to its
original position. On the other hand, at a smaller current strength, the additional
resistance must be very small. ’

Thus the value of the resistance included in the circuit may serve as a meas-

ure of the brightness of the object being measured. On the outszide surface of thre
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calculator of the exposure meter and of the knurled ring connected with the sliding
contact of the rhsostat, are placed: the scale of exposure times, the scale of
relative apertures and a scale of sensitivity of the negative materials used. AS
a result of the measurement in accordance with the position of the kmurled ring, at
which the reedle of the micrometer is matched with the lozenge-shaped sign of the
scale, the value of the exposure required may be read off against the corresponding
division of the scale of relative apertiures.

£ the oblects 1ax +he current sirength produced

even at maximu: lowering of the resist-

criginal pesition.

figures 2,

micrometer point-

necessary exposire
value determined at ihe given position ~f +ne knurled
by the instrument pol ~wig device renders ihe range of measurements

de with *nis rever very rreal.

The exposure meter 0. - viev III -camera is 2 brigriness meler with

tar Tield corresponding 1o tre imape ongle of a t1ens cf focal lengih .0
designed to make integral brightness measurements of the oblects taken.

i frerences between the angular field of ihe exposure meter and the image .
angles of lenses of different focal lengths may exerl a very substantii
on the results of measurements when interchangeable lenses are used.

In making integral measurements, the exact determination of the exposure con-

ditions from the concrete values of the brightness of the principal elements is
replaced by establishing only & certain MWaverage" brightness of the object as a

whole.
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Tig.ll, Teneral View of Photoeleciric Ixposure-Meter

of "¥iev IIIM Camera

e e I

€)

Fig.L2, JScheme of Ixposure-lleter cof "Hiev IIIM Tamera
q

a) Angular-Tield limiter; b) ligh*; c) Protocell;

4) Contact slide; e) Micrometer; ) Theostat
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In shots of objects with average brightness ranges including most of the
jects taken, the use of this exposure meter assures results of good quality.
shots of very high-contrast subjects, with great brightness ranges, this circum-
stance mar lead to substantial errors in the determination of the exposure.

Certain corrections must therefore be applied to the realings of the exposure

meter of *he Kiev III camera for shots taken against the lighi, or of interiors,

and when artificial light is used. -r example, in a shot against the

to assure ging out thre L i IS nadows of the object, a somewhat longe
exposure should be given than that indi d b instrument. -n interior laies,

witn natural illumination, 1t is redi reduce the expcsire time somewnat.
. ren the oblect taken Is fllux d nin iescent bults, owing o
Terence belween the dilT nt spectrnl Itiviy e wotocell an
the negative materials use: 1t is expedient tc 1 “he exposure time!
Jren using panchromatic o : b : of Mpaninroz-3" type, and
negative ilm

using ordinary pan

uging orih

Tre exact value ol th b =5u14 be Tound by test exposures.
sensitivity of the negative materials used, as alreadr stated, is very intimate
related ‘c the conditions of development, Tre use cf special, so-called fine grain
developers in miniature camera work requires a certain increase in the exposure
time of ‘he film. O5ince precisely such developers must be usei on the films laken
with the ¥iev III camera, +ris was already taken into accounti in calibrating the

scale of the exposure meter of this camera.
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